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IKTRODUCTIOB 


Canada’s ten million square kilometurs of land surface 
necessitates a continuous large mapping endeavour by the 
Topographical Survey Directorate, Surveys and Mapping Branch, 
Department of Erergy, Mines and Resources, Ottawa. The uti- 
lization of satellite photography, such as that provided by 
the SKYLAB missions, was considered to be well worth a de- 
tailed study. The SKYLAB mission providad the opportunity 
to investigate satellite imagery with relatively high metric 
and resolution qualities for future possible applications in 
planimetric mapping at medium and small scales. The main 
mapping interests involve the potential usage of SKYLAB 
Imagery for new and revision line mapping, photomapping possi 
bilities and the application of this phc tography as control 
for conventional high altitude aerial surveys. 



2. TECHNICAL APPROACH AND TASK DESCRIPTION 


As a mapping agency responsible for the National Topographic 
Mapping Program, the Topographical Survey Directorate, Surveys and 
Mapping Branch, was primarily interested in conducting research 
studies on the SKYLAB/EREP photography for various mapping appli- 
cations. The formal agreement between NASA and the Department of 
Energy, Mines and Resources to undertake this research was presen- 
ted in the form of Exhibit ”A” , Statement of Work for the Investi- 
gation of SKYLAB/EREP Data, NASA Headquarters Proposal Registration 
No, 558 (see Appendix A), This proposal outlined the provisions 
identifying the services, tasks and deliverable products required 
of the Principal Investigator, the associated Co-investigators and 
their related organizations for the investigation and analysis of 
SKYLAB/EREP Imagery. Specifically, the Technical Approach of 
Exhibit **A” proposed to conduct the following studies: 

(1) the determination of ground resolution capabilities of 
the S190A system photography; 

(2) the utilization of S190A photography for the production 
of planimetric line maps and photomaps at scales of 
1:50,000, 1:100,000 and 1:250,000; 

(3) the formation of photogrammetric models of the terrain 
using stereoscopic satellite photography; 

(4) the establishment of exterior orientation of analytically 
formed models using satellite photography; 

(5) the feasibility and accuracy attainable of using analy- 
tical aerial triangulation and numerical adjustments 
with satellite photography for planimetric mapping in 
northern Canada where control is sp&rse. 


In performing these studies, glass and/or film diapositives 
were to be produced from both color and bi.ack and white originals. 
Photo gramme trie mensuration and resolution evaluation was to be 
performed on each type of imagery received, with measurements 
achieved on comparators and the Analytical Plotter. The maximum 
number of models available were to be used for aerial triangulation 
and adjustment. The graphical line maps produced were to be 
evaluated against available redundant ground control and existing 
larger scale mapping (1:25,000). Photomaps, particularly of the 
Canadian hinterlands, were to be produced and evaluated for the 
purposes of mapping and map revision. Data from the S192 multi- 
spectral scanner was to be co-inves tigated by the Canada Centre 
for Remote Sensing, Department of Energy, Mines and Resources. 

The Task Descriptions as outlined by Exhibit "A" required 
that the Principal Investigator should: 

(1) assist NASA in mission planning activities related to the 
previously mentioned technical studies as well as provide 
guidance during real time EREP pass planningj 

(2) be responsible for establishing scientific requirements 
and/or objectives for the studies being investigated and 
participate where required in the views related to the 
performance operation and data requirements of the inves- 
tigation; 

(3) conduct the supporting studies required to complete the 
designated investigations and prepare reports for NASA 
describing results and analysis of studies; 

C4) be responsible for the reduction, analysis and interpre- 
tation of EREP data as outlined previously. 


3. NARRATIVE HISTORY OR THE INVESTIGATION 


As the SKYLAB/EREP missions progressed, it became apparent 
that the items listed in Exhibit ”A” as part of the Technical 
Approach could not fully be realized as originally stated. The 
main test area selected for planimetric and aerial triangulation 
tests called for a strip of photography with 60% overlap extending 
from Windsor, Ontario to Quebec City. Although several earth 
sensing passes were attempted over the southern extremities of 
Canada during the SL-3 mission, the net result consisted only of 
cartographically usable imagery along a short stretch of the 
Manitoba-North Dakota boundary and several short passes of 2-5 
images in Southern Ontario and in the Bay of Fundy area. The 
scheduled pass from Windsor to Quebec City could not be acquired, 
initially becau: e of the problems resulting from the loss of solar 
panel and part of a heat shield and later because of adverse 
weather conditions. However, the several short passes of imagery 
mentioned were received in the Spring of 1974 and copies of the more 
useful passes were forwarded to the three Go-investigators involved 
in the mapping investigations. 

In order to undertake as many as possible of the investigations 
listed in the Technical Approach of Exhibit "A", the three Go- 
investigators, vrere assigned research projects supervised by the 
Principal Investigator. These Go— investigators, funded by the 


Topographical Survey Directorate, were as follows; (1) the Re— 
search and Development Section of the Topographical Survey Direc- 
torate, Surveys and Mapping Branch, Department of Energy, Mines 
and Resources, Ottawa; (2) the Department of Surveying Engineerirg 
of the University of New Brunswick, Fredericton, New Brunswick; at.d 
(3) the Department of Photo gramme try, Universite Laval, Quebec City, 
Quebec* Agreements in the form of official contracts, which speci- 
fied that all investigations were to be carried out according to 
Exhibit ”A" (Appendix A), were issued to the two outside research 
agencies in June 1973. Xt was not until June 1974, however, that 
suitable imagery became available to the Co— investigators . Six 
separate investigations were performed (see Chapter 4; TECHNIQUES 
AND PROCEDURES USED) by the Co-investigators: three quantitative 

and three qualitative studies. 

The Topographical Survey performed one of the quantitative 
assessments - the determination of the planimetric accuracy of the 
S190A photography. This investigation was completed in October 
1974. The accuracy attainable for horizontal control points deter- 
mined by fully analytically aerial triangulation of SKTLAB S190A 
and S190B photography was ascertained by the Co-investigator at the 
University of New Brunswick in May 1975. The evaluation of S190A 
and S19QB photography for the provision of supplementary control 
for mapping procedures and the determination of the accuracy with 
which this photography could be used to establish control for high 
altitude photography was undertaken by the Co-investigator at Laval 
University and the results were submitted in July 1975* 
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The three qualitative analysis on SKYLAB S190A and S190B 
imagery were also performed by the Topogi'aphical Survey Directorate, 
These investigations included: (a) the Intercomparison of the 

quality of specific cultural detail between three sets of six- 
simultaneous ly taken images from the S190A system; (b) the map 
revision potential of S190A and S190B imagery for both urban and 
rural-recreational areas; and (c) the photomapping applications 
of SKYLAB imagery. The evaluations were completed in April 1975. 

Separate Sub-reports were prepared on each of the six inde- 
pendent investigations by the Co-investigators in charge of each 
study. The contents of these reports form the substance of the 
overall investigation. Although the quantitative tests were per- 
formed by three separate agencies, similarities and consistencies 
in final results were obtained as will be shown later (Chapter IZ: 
GENERAL CONCLUSIONS). Similarity of characteristics was also 
apparent in the qualitative tests as will be further shown. 


LIJ 
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4. TECHNIQUES AND PROCEDURES USED 


In order ta follow as closely as possible the specifics of 
the agreement oE Exhibit "A”, Technical Approach and Task Descrip- 
tions, the following six investigations were carried out by the 
Co- investigators identified in the previous chapter and monitorec 
by the Principal Investigator: 

I The planimetric accuracy of points determined from 
S190A photography was determined from (a) a single 
model of third generation, 70mm format, black and 
white diapositives , and (b) the same model but fourth 
generation, four times enlarged, black and white 
diapositives. Mensuration for this determination 
was carried out both on the Analytical Plotter ASHA 
and the Wild STK-1. Several independent adjustment 
procedures were applied to the data, 

II Aerial triangulation was performed on several strips 
of four models each, twice on a selected black and 
white series and once agai ■ on a colour series of 
the S190A system, and also on a colour series of the 
SHOE system. The Zeiss PSK was used for mensuration 
in all cases. After adjustment, residual errors were 
determined on redundant ground control. 

III Another independent investigation was se<" up to eva- 
luate S190A and S190B photography for the provision 

of supplementary ground control for mapping procedures, 
as well as determine the accuracy with which this photo 
graphy can be used to establish control for high alti- 
tude aircraft photography. Measurements were performed 
on the X^ild STK-1 and the adjustments were computed 
employing two separate techniques, 

A qualitative inter comparison was made between three 
sets of six— simultaneous ly taken images from the S190A 
camera system. Image quality for specific cultural 
detail required for mapping was rated for clarity on 
a scale devised by the investigator. 


IV 
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V The nap revision potential ol both S190A and S190B 
imagery was evaluated for (a) urban areas and (b) 
rural-recreational areas. Selected models of both 
black and white and colour it.agery were evaluated 
using the Wild B-8 Stereoplot. ter and the Bausch and 
Lomb Zoom Transfers cope. 

VI The photomapping applications of both SKYBAB S190A 
and S190B were investigated and compared against 
photomaps produced from stanctard aerial . photography 
and ERTS imagery at a scale of 1:250,000. Sample 
photomaps were produced of all these systems at the 
scale of 1:250,000. 

As can be seen by the preceeding, the investigations even- 
tually undertaken differed somewhat from those originally stipu- 
lated in Chapter 2: TECHNICAL APPROACH AND TASK DESCRIPTION. 

These differences were unavoidable due mainly to the relatively 
small sample of imagery received. The investigation was extended 
to Include tests on .imagery from the earth terrain camera S190B. 
Another primary difference between the originally designated 
tasks of the Principal Investigator and those actually carried 
out was the eventual establishment of another Principal Investi- 
gator at the Canada Centre for Remote Seising to complete the 
independent study on imagery from the S192 multispectral scanner, 
A separate report on this investigation will be produced by the 
Canada Centre for Remote Sensing. Otherwise, the Technical Re- 
quirements and Task Description outlined in Exhibit ”A” were 
followed as closely as possible and are described in the detailed 
chapters on the six separate investigations. 


■5» GENERAL REMA:IKS OH SKYLAB DATA ACQUISITION 


To conduct the tests originally outlined by Exhibit 
the SKYLAB coverage requested included a well controlled strip 
extending from Windsor, Ontario to Quebec City. Unfortunately, 
this imagery was unattainable. Suitable imagery for the proposed 
investigations was not made available until Spring 1974. The 
imagery that eventually reached the respective Co-investigators 
consisted of several small sets of third and fourth generation 
photography forming strips of four to five models each. The 
second generation imagery received by the Principal Investigator 
was retained and stored in Ottawa at the National Air Photo 
Library. Thus, third and fourth generation products, generally 
in the form of film diapositives , were produced and forwarded 
to the various co-investigators so that individual investigations 
would not be further delayed. Orbital information associated 
with the actual imagery was quite complete. 

Although pre-flight scientific specifications for the re- 
spective cameras were made available to the Principal Investigator, 
very little actual precise camera calibration data, necessary for 
analytical photogrammetric work, was available as the experimenta- 
tions began. A number of assumptions regarding calibration were 
made in order to get the investigations underway- These various 
assumptions and their implications to the experimental data 
acquired are separately reported for each investigation. On the 
whole, subsequent receipt of Pre-flight Baseline Data of the 
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system proved mcst of the assumptions to be relatively valid. 
However, a precise definition of the posi.tion of the photogrammet cic 
principal point was one factor which remained quite uncertain. 

It must be noted that NASA was very prompt in forwarding 
available SKYLA]i literature and information at all times. Unfor- 
tunately, most of these data, although informative and useful in 
many aspects, wore not sufficient to furnish the complete precise 
camera data essential for analytical photogrammetric studies. 

A detailed list of the actual imagery and complementary SKYLAB/ 
EREP data employed in each separate investigation will be included 
in the respective summaries of the six individual studies. 
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6. INVESTIGATIOII I; DETERMINATION OF PLANIMETRIG AC CURACY OF 

POINTS ESTABLISHED ON SKYLAB S19QA PHOTO- 
GRAPHY 


6.1 Technical Approach and Task Descrlptioa 

The objective of this investigation was to determine the 
planimetric accuracy of supplementary cortrol points on photo- 
graphy from the SKYLAB S190A Camera system. Similarity and 
pro j activity transformations were performed on data derived 
from observations on the Wild STK-1 of fourth generation en- 
larged photography as well as on third generation small scale 
70mm diapos itives • Three dimensional transformations were also 
applied to both sets of data. 

6.2 Photography used for Investigation I 

Two sets of photo material were selected for the investi- 
gation: (a) third generation, 70mm format, black and white 

diapositives of photos 314 and 315 of roll #47, Orbit 52 dated 
21 September 1973 and (b) fourth generation approximately 4X 
enlarged black and white diapositives of the above exposures. 

The photo pair was selected from camera station number 5 because 
it had the best estimated ground resolution of the 6 stations, 
with an expected resolution of 30 to 38 meters. The selected 
photo pair forms a model covering a large area of northeastern 
Nova Scotia and part of New Brunswick. Approximately one— third 
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of the image area of each photo is water (Bay of Fundy) and the 
land area is heavily forested, especially on the New Brunswick 
side. The effects of these features combine to make very dark 
appearing diapositives but with adequate density and contrast to 
allow reasonable point identification and mensuration. 

The Mapping and Charting Establishment (M,G.E,) of the 
Canadian Armed Forces aided in the mensuration work in this in- 
vestigation, Fhotogrammetric quality tests, performed by M.C.E. 

(see attached M^C.E, Report Appendix B.4), showed pockets of 
residual parallex at the completion of relative orientation, 

M.C.E, was the only agency that performed an optical-empirical 
relative orientation on the photography. 

6,3 History of Investigation I; Discussion of Techniques and Fro - 

cedures 

The preparation for the mensuration was carried out entirely 
on the enlarged diapositives and paper prints of these diapositives. 
Thirty-five (35) well distributed photo-identifiable road inter- 
sections were selected on each photo, with approximately half of 
these points being common to both photographs. Attempts to trans- 
fer these identities to the 1:50,000 map sheets obtained for the 
co-ordinate derivation proved impossible in many instances as 
several road systems were non-existent on the available map sheets. 
The reverse process was then applied wherein the identities on the 
map sheets were transferred to the photos and diapositives. This 
was a time consuming and not entirely successful procedure as, in 
order to maintain good point distribution, some less than” well- 
defined intersection transfers had to be accepted. A total of 


forty~seven (47) road intersections were finally chosen with thirty 
one (31) of these points appearing oh Photo 314, thirty-f-ive (35) 
on photo 315 anc nineteen (19) appearing in the common overlap. 

(See Appendix B, 3 for identification of these points.) Ground 
control co-ordinates were derived by xomer measurements . (Appendix 
B.3-a). Since grid sizes vary according to the date and method of 
printing the map sheets, no map derived co-ordinates could be 
assumed to be better than ±20 meters. 

Two photogrammetric instruments were used on the project: 

a. The Analytical Plotter ASllA (M.C.E.) performed a computer- 
assisted optical-empirical relative orientation. The output 
of this instrument was model point co-ordinates of the 4X 
enlarged, 24” focal length, diapositives . 

b. The STK-1 of the Topographical Survey Directorate provided 
plate co-ordinates of both the 70mm, 6” focal length, and 4X 
enlarged, 24” focal length materials. 

The original assignment was to perform both Similarity and 
Projectivity transformations to STK-1 data obtained from observa- 
tions on 4X enlarged diapositives, Hine to twelve peripheral 
points were chosen cn each photo, with the remaining points used 
as check points. This requirement was later expanded to include 
a similar procedure using the very small scale 70mm diapositives; 
and also to include 3-Dimensional transformations on both sets of 
data. 

The data derived from all sources were processed as follows: 
a* Data of Analytical Plotter ASllA (see Appendix B,4) 



14 


(1) 3-Dimensional transformation of 4X enlarged, 24" 
focal length material only. ^he Program used to 
perform the transformation was the well-known Shut 
Strip Polynomial Adjustment oi' the national Research 
Council of Canada, 

b. Data of the STK-1 (the original and enlarged formats were 

processed separately), 

(1) 2“Diroensional Similarity transformations to reliable 
ground control. 

(2) 2-Dimensional Pro j activity transformations to reliable 
ground control. 

(3) 2-Dimenslonal , 9-Point Similarity transformations to 
peripheral control selected from reliable points, 

(4) 2-Dimensional, 9— Point Projectivity transformations to 
peripheral control, 

(5) 3-Dimensional transformations to reliable control. 

The data for the Similarity and Prcjectivity transformations 

was provided by employing programs developed by the Research and 
Development Section of the Topographical Survey Directorate, and 
the 3-Dimensional transformation was computed by using the Stutt- 
gart Adjustment Program PAT-M-43. 

A summary of the final results of the above transformations 
is shown in Appendices B.l— b and B.l— c together with the pre- 
adjustment corrections applied (Appendix B,l-a), 

Each adjustment was performed using the normal procedure at 
Topographical Surveys of including the apparent reliable ground 
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control points until an optimum solution is found. ‘ The . criteria 
for rejection or inclusion is based entirely upon the magnitude 
of the residuals following each trial adjustment. 

6.4 Ground Truth Activities of Investigation I 

All ground control coordinates were map-derived from existing 
topographical maps of scale 1:50,000. These coordinates are known 
to be no better than ±20 meters. 

6.5 Problems Encountered during Investigation I 

At the beginning of this project, very little precise cali- 
bration data with respect to the S190A camera system was known. 
Therefore, in order to get the project underway, a number of 
assumptions were made. These assumptions, together with the avai- 
lable hard data furnished by NASA, were as follows: 
a. Focal length, 70mm format - six inches 

Focal length, 4X enlarged format - 24 inches 
b« Flying height - 425 kilometers or 264 miles. This height 
was derived from the orbital information on the pass, 

c. Photo scale 70mm format - 1:2,800,000 approximately 
Photo scale enlarged format - 1 ; 700 ,000 , approximately 

d. Lens distortion - assumed nil 

c, Reseau origin - assumed co-incidant with principal point 

f. Atmospheric refraction - assumed nil 

g. Film distortion — assumed nil. 

Subsequent receipt of SKYLAB Pre-flight Baseline Data of this 
system proved the assumptions to be reasonably valid. The maximum 
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lens distortion was 0,8ym, calibrated resean intersections correc~ 
to lym, and an effset of the optical axis with respect to the cen»;re 
reseau intersection was 7ym in X and 16pB. in Y. 

As mentioned in Section 6.3 on the History of Investigation I, 
there were also problems involved in the identification and trans- 
ferral of reliable road intersections for ground control both from 
photo to map and map to photo. However, after considerable delay, 
forty-seven points were established for observation. 

6.6 Discussion of the Results of Investigation I 

The results of the adjustments outlined in Section 6.3 indi- 
cated immediately that certain anomalies contained in Photo 314 of 
the small scale 70mm, 6" focal length diapositives could not be re- 
solved by the 2-Dimensional transformations (Appendix B.l-b). 

The Projectivity (8-parameter) solution was significantly 
better than the Similarity (9-parameter) solution but large resi- 
duals, especially at the non-used control points, remained. 

The 3-Dimensional transformations again produced inferior re- 
sults from the small scale 70mm photography but achieved particu- 
larly good solutions using the enlarged diapositives - especially 
in the PAT-M-43 adjustment where the model was formed numerically 
from comparator observations (Appendix B.l-c). The slightly in- 
ferior results of the Analytical Plotter tests could be attributed 
to its inability to measure directly to one micron and the optical- 
analytical method of model . formation. In both cases, it was signi- 
ficant that only a very small number of the common model points 
were withheld from contributing to either solution and in the case 


of the Analytical Plotter adjustment, no. reliable horizontal control 
points were withheld and only one vertical point was unused. 

Error distribution throughout all adjustments appeared to be 
of a systematic nature with the largest deviations occuring at 
check-points near the edges of the photographs. Photo 314 showed 
the greater deviations. 

The final horizontal positional errors of the adjustments were ’ 
reduced to the displacement in inches at map scal.e of li250,000 and 
assigned a tentative map classification to each under HATO Circular 
Map Accuracy Standards, While recognizdng that the classification 
assigned could only be approximate, this method provided a reasonable 
xndicator of planimetric accuracy achieved (Appendix B.2), 

On the whole, these adjustment results indicated several broad 
points: 

a. Reliability of planimetric assessment could only be good 

on photos containing an adequate number of well-distributed, 
well-identified ground points. Reliability would decrease 
in remote areas having less well-defined map detail. 

b. Instrument operators adapted quickly to observation of 
small scale photography as used in this investigation, 

c. Enlargements to approximately 4X format offered the best 
mensuration possibilities which in part accounted for the 
better results achieved. 

d. The 3-Dimensional transformations from the 4X enlargement 
provi'ded the best overall results. 



6.7 Conclusion l.o Xrives tigation I 

The results obtained indicate that photo products froia the 
S190A system are capable of satisfying planimetric accuracy re- 
quireAents at scales of 1:250,000 and smaller. In the case of 
the 3-dimensional adjustment of the enlarged model, 1:50,000 
planimetric accuracy requirements were satisfied. These results 
were obtained from only a single model, but they lead one to be- 
lieve that, given well-distributed, well-identified ground control, 
4X enlarged diapositives , and good calibration data, planimetric 
accuracies adequate for Class B 1:50,000 mapping (NATO Specifica- 
tions) are obtainable. Note that generally superior results were 
obtained from the 4X enlarged diapositives. The 2-dimensional 
adjiTstments did not account for the relatively large, systematic 
error input of photo 314. This points up the difficulty of 
assessing photography with such anomalies in areas that have little 
or no reliable ground control. 

6.8 Recommendations from Investigation I 

1. The method of adjustment to ground control of imagery 
from the S190A camera system or future similar systems should be 
in 3-Dimensional from analytically formed independent models, 

2. Prior to any future space missions incorporating satel- 
lite photography, a method of targetting of known ground control 
points should be devised. Such a method could take the form of 
the parabolic mirror system which was employed with the ENTS 
photography or a type of optical targetting using high powered 
laser beams and prisms. 
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7. INVESTIGATIOil II: HORIZONTAL CONTROL EXTENSION WITH SKYLAB/ 


EREP IMAGERY 


.1 Technical Approach and Task Description 


The objective of this investigation was to ascertain the 
accuracy attainable for horizontal contirc>l points determined by 
aerial triangulation with the SKYLAB/EREP S190 system photography. 
A fully analytical procedure was employed for the aerial triangu- 
lation. The following items were computed and included in the 
analysis: standard error of the observations; accuracy of the 

relative orientation; root mean square error of the model coor- 
dinates; standard deviation of unit weight of the adjustment; the 
fitting accuracy to the ground control; and the root mean square 
error of discrepancies at check points. Pour separate strips of 
photography were investigated. 


7.2 Photography used for Investigation II 


The four strips of photography used in this investigation 
were as follows: 
a. Strip 1 and 2 

Mission: 3, Sensor: S190A, Orbit- 52, Plight Date: 9/21/73 

- Roll 47, Pan-X Black and White, Prames: 312, 313, 314, 315^ 


- Roll 46, Aerial Colour, Prames: 312, 313, 314, 315, 316 
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The geographic location of the coverage is Southern New Brunswick, 
Bay of Fundy and North-ffestern Nova Scotia in Canada. The approxi- 
mate scale of the photos is 1:2,774,000. 

b. Strip 3 

Mission: 3, Sensor: S190A, Orbit; 14, Flight Date; 8/5/73 

- Roll 23, lan-X Black and White, Frames: 183, 184, 185, 186 
The geographic location of the coverage is South Eastern Michigan, 
U.S.A. and Soutt Western Ontario, Canada. The approximate scale 
of the photographs is 1:2,861,000. 

c. Strip 4 

Mission: 3, Sensor: S190B, Orbit: 14, Flight Date: 8/5/73 

- Roll 83, Aerial Colour, Frames:’ 149, 150y 151, 152, 153 
The geographic location of the coverage is South-Eastern Michigan, 
TJ.S.A. and South-Western Ontario, Canada. The approximate scale 
of the photographs is 1:955,000. 

7.3 History of Investigation II; Discussion of Techniques and 
Procedures 

The investigation of the four strips was performed in the 
order listed in Section 7.2; Photography used in Investigation XI. 

A large number of points was selected and marked on each 
strip. The image coordinates of these points were measured in a 
Zeiss PSK stereocomparator under 8 times magnification. The mea- 
surements of Strip 1 (Roll 47) and Model 1856 of Strip 3 23) 

were performed in two independent sets. Appendix C,1 lists the 
standard error of one measurement as computed from the double mea- 
surements. 


Next, indej-endent models were formed in each strip with the 
Analytical Stri|- Triangnlation Program NX.C-34 of the National Re- 
search Council of Canada. Correction was applied for earth curva- 
ture and atmospheric refraction. All points measured in a parti- 
cular stereo pair were included in the relative orientation. The 
accuracy of the model formation is indicated by the standard errors 
of the intersection of corresponding rays, which were computed from 
the residual parallaxes after relative orientation, (Appendix C.2). 
The maximum values for the residual parallaxes are also listed. 

Finally, the models were assembled into strips and subjected 
to rigorous simultaneous adjustment to ground control points. The 
Stuttgart Adjustment Program PAT— M 43 was employed for this purpose. 

Two sets of control points were used for the adjustment of 
Strip 1 (Roll 47) . The first set contar.ned 43 points distributed 
over the entire strip and the second set consisted of nine points 
with a band of three points being located at the beginning, the 
middle and at the end of the strip, St *ip 2 (Roll 46) was adjusted 
only with the nine control point configuration. Two of the models 
in each strip were also adjusted separately. In each case four 
control points were employed. 

Strip 3 (Roll 23) was adjusted with six ground control points, 
with a band of three points being located in the first and the last 
model. Two of the models were also adjusted separately with four 
control points each. 

Strip 4 (Roll 83) was adjusted with nine ' control points, with 
a band of three points located at the beginning, the middle and at 
the end of the strip. All models were also adjusted separately with 
four control points each. 


r» 
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At all points that were not used for the adjustment, the dis- 
crepancies were formed between the map coordinates and the photo- 
grammetrically determined coordinate values and then the root mean 
square error (RMSE) of' the discrepancies was computed. Points which 
showed a discrepancy larger than three times the RMSE were rejected 
and excluded from the computation of the final RMSE value. Appen- 
dix C.3 lists for each test case the total number of check points 
available, the number of points rejected and the RMSE of the S and 
Y coordinates at ground scale in meters and at image scale in 
millimeters . 

The following additional statistical tests were performed and 
are listed in Appendix C.4; 

- Root mean square error of all model points, i.e. transfer points, 
perspective centres and control points. This value represents 
the internal accuracy of the model or strip. 

- Standard deviation of a model coordinate with unit weight. 

- The fitting accuracy, which is the root mean square error of the 
differences between the given value of a ground coordinate used 
for the adjustment and the transformed photo coordinate of the 
same point after adjustment. 

7.4 Ground Truth Activities of Investigation II 

Ho field measurements were conducted in this project. The 
coordinates of the ground control points were measured on topographic 
maps in a coordinatograph. Eor Strips 1 and 2 the maps scale was 
1:50,000, For Strips 3 and 4, 1:24,000 scale maps were used over 
Michigan and 1:25,000 scale maps over Ontario. Road intersections 
outside densly populated areas and prominent points along the coast- 
line and shore-line were selected as control points. 
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7.5 Problems Er countersd during Inves titration II 

It was disc-.overed that the calihratr.on data of the S190A camara 
system, as published in. the ’’Sensor Performance Report MSC-05528 
(SL2) , Vol. 1, 7,2 Geometric Distortion Evaluation”, were not useable 
for defining the various image refinement parameters, customarily 
employed in analytical photogrammetry , for the following reasons: 

- The calibration of the lenses for radial and tangential distortion 
was performed with a different lens-reseau configuration, than the 
one used in flight. 

- The image coordinates of the principal point were not provided. 

The principal point of autocollimation specified in ’’Skylab In- 
strumentation Calibration Data, Vol. IV, MSC-07744, Revision B, 
Table 2.4,3” is not equivalent to the principal point as used in 
photogrammetry . The former is ’’the image formed by the camera 
lens when a parallel pencil of rays, which in object space is 
perpendicula: to the image plane, enters at the exterior perspec- 

tive centre”, while the latter is defined as "the foot of the 
perpendicular from the interior perspective centre to the image 
plane", 

- The calibrated value of the principal distance is specified to 
the nearest 0,001 inches, (Report MSG-07744, Review B, Table 
2,4,3) which is equivalent to 25 pm. This accuracy is generally 
inadequate for precise analytical photogrammetric work. 

Consequently, it was impossible to correct the measured image 
coordinates for radial and tangential lens distortion and for de- 
formation of the emulsion base; the measured image coordinates had 
to be referenced to the centre reseau mark rather than to the prin- 
cipal distance used in the computations is questionable. These 
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factors, no doubt, affected the internal accuracy of the triangulsi- 
tion, 

Xhe main problem encountered during the investigation of the 
S190B photography was in determining the exact location of the 
principal point. This camera has only two fiducial marks and the 
origin of the image coordinate system had to be established by the 
intersection of the frame diagonals. The location of the principal 
point x»as then defined with reference to this system in accordance 
with the data given in the calibration report. 

It was rather inaccurate to define the principal point in 
this manner since the frame corners were somewhat rounded and could 
not be measured accurately. This was especially true of the corner 
where the clock data block was located. This difficulty could have 
been eliminated by manufacturing the camera with four standard 
fiducial marks on the focal plane frame. 

7.6 Discussion of the Results of Invest igation II 

With reference to Appendix G.l, the precision of the measure- 
ments can be regarded as excellent, considering that natural fea- 
tures were observed. It should be emphasized, however, that this 
value indicated the precision by which the same spot was located 
twice in the same model. A more critical and difficult part of the 
data acquisition was to locate the same point in a neighbouring 
model and to correlate the image points with the map points. 

With reference to Appendix C,2, the accuracy of the relative 
orientation was satisfactory and corresponded to expectations based 
on the precision of the measurements. The results obtained for the 
four strips are rather similar. 
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The results shown in Appendix C,4 proved that the internal 
accuracy of the strip was very good and compared favourably with 
accuracies attainable with conventional aerial photography. The 
largest values for the RMSE of model points and the standard de- 
viation of unit weight occurred in Strip 2 (Roll 46), The accuracy 
improved in Strips 1 and 3 and the smallest errors were obtained in 
Strip 4 (Roll 83). The varying accuracy of point identification 
Is the probable explanation for these varying results. 

The terrain shown in Strips 1 and 2 is largely forest covered 
and easily identifiable features were in short supply. A bluish 
haze was evident on the colour photographs of Strip 2, which dime- 
nished the contrast somewhat and decreased the resolution of the 
image. Strips 3 and 4 on the other hand covered mainly open ter- 
rain and urban areas, with a dense road pattern, so that the se- 
lection of easily identifiable targets was no problem. The high 
resolution of the S190B photographs of Strip 4 further improved 
the identification accuracy. 

The adjustment of the strips to ground control proved satis- 
factory in all cases. 

Appendix C.3 indicated that the RKSE of the coordinates at 
check points ranged from 12 pm to 31 pm at the scale of the image. 
Such results can be regarded as excellent, considering the fact 
that all control and check points were natural features and that 
the ground coordinates were obtained from 1:50,000 and 1:24,000 
topographical map sheets. Under the circumstances, errors of 20 
to 25 meters could have easily occurred in the identification of 
points and some of the ground coordinates could be in error by as 
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much as 10 fim at the scale of the Image. ITo doubt, the results 
could have been improved by more stringent point selection, by de- 
vising some form of targeting for the points (such as parabolic 
mirrors) and by employing ground survey techniques for the deter- 
mination of the ground control. 

7.7 Conclusion of Investigation II 

As expected. Strip 3 (Roll 23) showed the best results since 
it was taken with the metric camera system. Most points selected 
were easily identifiable and the ground control data was more re- 
liable because of the larger scale maps available in this area. 

At ground scale, Jiowever, Strip 4 had the highest accuracy. Ap- 
parently, the larger scale image provided by the S190B camera has 
more than offset the lower precision of the internal geometry. 

From a practical point of view, these results were the most signi- 
ficant since it proved that it is possible to establish ground ccn 
trol coordinates with an accuracy of 15 to 20 meters with space 
photography. It should also be noted that Strip 4 covered a large 
area of 200 km by 110 km and was controlled by only nine ground 
points. 

With reference to Appendix C.3, the results obtained indica- 
ted that both the S190A and S190B Camera Systems are capable of 
satisfying certain NATO planimetric accuracy standards. Strip 4 
(S190B) yielded the beqt results in that the requirements for 
1:250,000 Glass A specifications were far exceeded as well as Clas 
B specifications for 1:50,000 mapping. Strip 3 (S190A, 0. 6-0.7 pm 
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Black and White) also exceeded the accuracy requirements for Class A 
1:250,000 mapping and bordered on those for Class B 1:50,000 stan- 
dards. Strips 1 and 2, with slightly inferior results still met the 
specifications for planimetric accuracies of Class A mapping at 
scales of 1:250,000 and smaller, 

7,8 Recommendations from Investigation III 

1, A more comprehensive Investigation of aerotriangulatxon 
with space photography should he considered in future satellite 
missions. Systematic uninterrupted photo coverage of large areas 
of the North-American continent at 60% or 80% overlap should be 
planned for this purpose to permit the triangulation of large blocks 
of photographs. 

2, A long focal length, large format metric camera is more 
suitable for aerotriangulation than a short focal length multi- 
spectral camera, therefore such an instrument should be part of any 
future space photography mission. 

3, Four standard fiducial marks should be established in 
future satellite camera systems to allow for better calibration 
conditions and a more precise means of establishing the principal 
points of the photographs, 

4* A study should be conducted to devise some feasible method of 
targetting ground control points. 


8. INVEST I GAT lO'T III ; THE POTENTIAL OF EMPLOYING SKYLAB/EREP 

PHOTOGRAPHY AS CONTROL FOR HIGH ALTITUDE 
AIRCRAFT PHOTOGRAPHY 


8.1 Technical Approach and Task Descripfclou 

Ttie main objective of this investigation was to determine the 
utility of SKYLAB photography in achieving the maximum possible 
accuracy for establishing control for either 1:50,000 or 1:100,000 
scale maps. Various approaches which might Improve the accuracy 
were investigated such as: (a-) the correction of systematic image 

errors; (b) the use of imagery from more than one channel of the 
S190A multispectral camera system; (c) the incorporation of SKYLAB 
orbital parameters as a camera positioning device in a bundle 
adjustment; (d) the combination of several strips or blocks of 
high altitude aircraft photography with SKYLAB photography; and 
(e) the use of several combinations of available ground control 
for an adjustment of the photography. 


8.2 Photography Hsed for Investigation III 

The following groups of SKYLAB photography were employed for 
the investigation: 

a. Sensor S190A, Orbit 52, Rolls 47 (312-316) and Rolls 48 (312- 
316). These photographs covered an area of the Atlantic 
Provinces, Canada. 

b. Sensor S190A, Orbit 14, Rolls 23 (183-186) and Rolls 24 (183- 
186). These photographs covered the area of Lake Sa'int-Clair 


and Windaor, Ontario in Canada and parts of the States of 
Michigan Ohio and Pennsylvania in the U.S.A. 

High altitude photography consisting of a block of four 
strips of six ]ihotbgraphs each and covering an area in the State 
of Michigan wasj available for test purposes. These photographs 
had been taken in conjunction with the LANDSAT-1 mission and had 
the following specifications: 

“ An RG-IC) camera with a 6 inch focal length. The film type 
was aerochrome infrared 2443 with a bandwidth of 0.510 - 0.990um. 
The photograph^' was flown 15 October 1972 at an altitude of 19,8 
kilometers above mean sea level, 

8.3 History of Investigation XII; Discussion of Techniques and 

Procedures 

The first step in the procedure was the establishment of 
sufficient ground control and pass points necessary to carry out 
the investigation. Intersections of roads and highways were 
chosen in most cases and care was taken to insure that common 
points, identifiable on both the SKYLAB S190A and high altitude 
photography involved, were obtained. The coordinates of the 
ground control points were determined from published 1:25,000 
(Canada) and 1:24,000 (U.S.A.) map sheets. The points were then 
transferred to the photography using a Wild PUG instrument equip- 
ped with a 40pm drill, which was considered to be more suitable 
for high altitude photography like SKYLAB imagery than the larger 
standard 60pm drill. 
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For each SKYLAB photograph, the coordinates of the nine reseau 
crosses and all other points required in the investigation were 
measured on the Wild STK-1. A computer irogram, STKE.EDUC, was 
written at the Department of Photogrammei.ry of the Universite Laval 
to average the measured coordinates, reduce them to the centre of 
gravity of the photograph and obtain the standard deviations of 
the measurements. The same technique was applied to the high alti- 
tude photography employing the eight fiducials. Systematic errors 
in image coordinates due to film deformation, lens distortion and 
refraction were researched individually and appropriate computer 
programs were developed at Universite Laval to apply corrections 
for these errors (Appendix D.l). 

After all the corrections were applied to the image coordinates, 
strip coordinates of the same points were obtained using a program 
previously written at Laval Universite. This program was adapted 
for this investigation to accept as input corrected image coordinates 
when either reseau (S190A) or fiducial marks (high altitude) were 
incorporated, Schut^s program from the National Research Council, 
Canada, was used to adjust the strip coordinates. This program uses 
a third degree polynomial transformation in the adjustment of photo- 
grammetric strips and blocks. 

Strips 23 and 24 of the SKYLAB S190A photography were adjusted 
separately and then both rolls were combined and adjusted as one 
block. To maximize the effect of ground control, the ground coor- 

s' 

dinates of all image points were given as control and the residuals 
at each point determined. It was then thought that a strip of three 
S190A models might cover an area too large to be adjusted by a 
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polynomial transformation, so the block was broken down and each 
roll was adjusted using either one, two or three models. 

The four high altitude photography strips were also adjusted 
using Schut’s program; first each strip separately, and subsequent- 
ly all four strips combined to form one block. Again, the ground 
cocrdinates for all image points were used as control. 

After the separate adjustments had been performed on the S190A 
and high altitude photography, further adjustments were carried out 
combining one SKYLAB model from each of the two rolls with either 
one, two, three or all four models of a high altitude strip. Again 
the ground coordinates of all the image points were used as control. 

Since the use of all the image points as control does not cor- 
respond to practical applications, the previous tests were repeated 
employing only a necessary minimum of well distributed ground control 
points for either the SKYLAB or high altitude photography. Kor the 
first test (Case 1) on a single S190A model, only twelve (12) con- 
trol points were used in the adjustment and the ground coordinates 
of all the other image points were calculated. The residuals were 
quite large so the adjustment (Case 2) was repeated with an additional 
ten (10) control points. The four high altitude strips were also 
adjusted independently (Case 3) holding only twenty-six (26) points 
as control, , 

Again the SKYLAB and high altitude photography were combined 
with a minimum amount of control. The first combination adjustment 
(Case 5) of this type incorporated 12 control points for the S190A 
model, 22 for the high altitude strip and 14 points as common to 
both. A final combined adjustment (Case 6) was performed using the 
same data with an additional 31 high altitude points as control. 


Although t'le above adjustments produced valuable information, 
it had been fel; from the beginning of the investigation that a 
bundle method oE adjustment would be a more suitable type of adjust- 
ment for SKYLAB and high altitude photography. However, due to a 
lack of time and funds it was not possible to complete this aspect 
of the investigation, 

A computer program AERTRING was written at Universite Laval 
to incorporate data from SiCYLAB and high altitude photography into 
a bundle adjustment. The approximate coordinates of the SKYLAB 
camera station were obtained employing the orbital parameters. 

Again strips 23 and 24 of the S190A camera system were adjusted 
separately and later combined into one adjustment. In both cases 
the ground coordinates of all image points were given as observa- 
tions and weights were applied both to the ground and image coor- 
dinates. 

AERTRING was used again to adjust a single SKYLAB model in- 
corporating twenty-six (26) control points as observations. 
Approximate values for the camera station coordinates were obtained 
from the previous adjustment and twenty-two (22) pass points were 
assumed as unknowns. This test was repeated combining one strip 
of high altitude photography with the SICYLAB model (Appendix D.3), 

8,4 Ground Truth Activities of Investigation III 

Published topographic map sheets were used to obtain the 
ground coordinates for the adjustment of the aerial triangulation 
and for the checking of the output results. In Canada, topographic 


maps at the scale of 1:25,000 and in the U.S., maps at the scale of 
1:24,000 were available for the areas co-\-ered by both the SKYLAB 
and high altitude photography. American standards require, that the 
horizontal accuracy of 90% of the well desfined map points be plotted 
correctly within ±0.5mm which would correspond to ±12 and 12,5 meters 
on the ground for 1:24,000 and 1:25,000 scale maps. 

The Universal Transverse Mercator (IJ.T.M.) ground coordinates 
were measured to an accuracy of iO.lmm, The vertical coordinates 
were obtained by visual interpolation of contours. It was felt that 
for this investigation, a higher measuring accuracy was not justified 
due to the possibility of expansion and shrinkage of the map sheets. 

Because of the large area covered by the SKYLAB photography, in 
which two zones were crossed, it was felt that the U.T.M. coordinate 
system was not suitable for aerial triangulation in this investiga- 
tion. Consequently, all U.T.M, coordinates were transformed to the 
Secant plane coordinate system adopted by the U.S, Coast and Geodetic 
Survey. This system is a local three diaensional orthogonal system 
in which the Z-coordinate is equivalent to the combination of eleva- 
tion and earth curvature. 


8,5 Problems Encountered during Investigation III 


The original plan was to extend the investigation to xnclude 
imagery from the SKYLAB S190B terrestrial camera as well as from 
the S190A system. However, the S190B was not considered metric in 
the photogrammetric sense because its image frame was part of a 
removable magazine which prevented the exact positioning of the, 


principal point, and it employed a focal plane shutter. 
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The choice of ground control points for the investigation 
presented a very tiring task. Many of the road intersections 
visible on SKYLAB photography did not exist on the corresponding 
map sheets. The reverse condition was also present in that well 
defined map sheet intersections were not visible on SKYLAB photo- 
graphs. The large scale differences involved, indicated by the 
fact that one SKYLAB photograph of 70mm format covered the same 
area as 54 high altitude photography and approximately 250 map 
sheets, also presented problems in point identification. However, 
as shown by Table 8.1, sufficient points were finally gathered. 


Table 8.1 Number of points in both SKYLAB and high 
altitude (H.A.) photography. 


Photography Involved 

Points in H.A. 

Points in SKYLAB 

Common Points 

Sum 

H.A, Strip #1 

11 


18 

29 

H.A. Strip #2 

17 


21 

38 

H.A. Strip #3 

19 


16 

35 

H.A. Strip #4 

19 


20 

39 

SKYLAB 3 Mo dels /Strip 


62 

65 

127 

SKYLAB 2 Models/Strip 


57 

65 

122 

SKYLAB 1 Model /Strip 


24 

62 

86 


The final major problem .encountered arose in the section of 
the investigation which dealt with aerial triangulation by bundle 
adjustment. Limited time and money prevented the entire completion 
of this aspect of the study at present time but it is hoped that 
further investigations will be carried out in the future. 


S.'6 DiscussioV of the Results of Investigation III 

In the studies carried out to correct the systematic, errors 
of the image point coordinates, it was discovered that film 
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deformation for both SKYLAB and high altitude photography could 
reach more than ±10pm and it was necessary to correct for this 
deformation by i. method such as . the one described at Appendix 
D.l. For SKYLAIi photography, the errors due to len.s distortion 
were very small and could be ignored but for the high altitude 
photography, polynomial, corrections (Appendix D.l) were applied. 
Refraction errors were also insignificant for SKYLAB imagery but 
were applied to the high altitude photography (see Appendix D.l). 

Perhaps the most significant results of this investigation 
were those arising from the analytical aerial triangulation adjust- 
ments of the imagery involved in the study. The first group of 
adjustment results were those obtained using Schut’s third degree 
polynomial transformation approach. 

The results obtained from polynomial adjustments of Strips 
23 and 24 of the SKYLAB data, each as single strip adjustments 
and later combined to form a block, and holding the ground co- 
ordinates of all image points as control, are shown at Appendix 
D,2-a. These results indicated that there were no significant 
differences in the standard deviations when the rolls were 
adjusted separately, combined as a block or even at a later 
stage when single models in a strip were adjusted independently - 
The average values of the standard deviations were 33 meters in 
X, 46.5 meters in Y and 128 meters in Z expressed in ground 
values . 

The polynomial adjustment results of the four high altitude 
strips, both as separate strip adjustments and subsequently com- 
bined as a block, are shown at Appendix D.2— c and yielded standard 
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deviations rangii.g from ±7 meters to ±23 meters in X and Y and 
±3 meters to ±7 ueters in Z, The ground coordinates of all 
image points were used as control. 

The combination of one SKYIAB model with either one, two, 
three, or four high altitude strips into the polynomial adjust- 
ment offered no significant improvement in the planimetric or 
height accuracies (Appendix D.2-d) due probably to the fact 
that again all ground coordinates were used as control. 

Several of the polynomial adjustments were repeated with 

fewer control points (Appendix D,2-e) as described previously 

in Section 8.3. Case 1, which employed only 12 control points 

on a SKYLAB model, yielded a very large a and the addition of 

z 

10 extra control points (Case 2) into the adjustment led to a 
significant improvement in both planimetric and vertical accu- 
racies. The polynomial adjustment performed on the high alti- 
tude photography, employing only 26 points as ground control 
(Case 3), yielded, as was to be expected, higher residuals than 
in the case where all image points were held as control. The 
combination of three high altitude strips with two SKYLAB models 
using only 12, 22, and 14 control points for SKYLAB, high alti- 
tude and common points respectively, resulted in a slight improve 
ment of both the planimetric and height accuracies of the SKYLAB 
models (Case 4). Another strip of high altitude photography and 
31 additional high altitude control points were added to the 
combined adjustment and, as shown by Appendix D.2-e, there were 
no significant differences in accuracies between Case 4 and 


Case 5 
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Aerial triaugulation by bundle adjustment (see Section 8,3) 
was performed on portions of the SKYLAB aad high altitude photo- 
graphy employing program AERTRING, In the first test, where one 
model of each of the two SKYLAB rolls was adjusted separately and 
later both were combined, the maximum differences between the co- 
ordinates of the SKYLAB camera station obtained from the adjust- 
ment and those obtained from the orbital parameters were only 2.3, 
1.0 and 5,2 kilometers respectively for X, Y and Z. The planimetvic 
and vertical accuracies of the SKYLAB model improved over the poly- 
nomial transformation adjustments with the average a = 8m, a = 

^ y 

18m and a = 18m (Appendix D.3-a)« However, again all image points 
z 

were used for control. 

The second bundle adjustment carried out on a single SKYLAB 
model using only 26 control points as observations and the appro- 
ximate coordinates of the camera station obtained from the pre- 
vious adjustment, gave much poorer results than the first set of 
bundle adjustments with an especially huge error in Z. When the 
same test was repeated with an additional high altitude strip, 
the accuracies were somewhat improved (Appendix D.3-b) with a 
o> and a of approximately ±30 meters and a about ±200 meters. 

On the whole, it was obvious that further testing was 
necessary and the results from the bundle adjustments must then 
be analysed more rigorously and from a statistical point of view 
before any specific conclusions can be formulated on this bundle 
adjustment procedure. 



Using polynsmial transformation adjustments for SKYLAB and/oi 
high altitude photography produced the following accuracies: 

(a) SKYLAB - and vrere approximately ±40 meters on the 
ground. 

(b) High altitude photography - and were approximately 

±18 meters and a was approximately ±11 meters. 

z 

(c) The combination of SKYLAB photography with up to 24 high 
altitude photography did not significantly improve the 
accuracies in X, Y and Z. Perhaps significant improvements 
could be obtained employing a considerably larger block of 
high altitude photography. 

Using the bundle adjustment approach on the two types of 
photography the following accuracies were obtained: 


Ca) 

Cb) 


SKYLAB “ a and a were approximately ±30 meters. 

X y 

The dif f I'.rences between camera station coordinates obtained 


from the orbital parameters supplied by NASA and the output 


of the adjustments are no more than 5 kilometers in X, Y or 


Z, 


(c) By combining one high altitude strip of six photographs 

with SKYLAB photography the accuracies improved by 25, 21 
and 28% for the X, Y and Z coordinates respectively. 

Based on these conclusions it was felt that there was indeed 
potential in employing SKYLAB /EREP photography as control for high 
altitude photography for small scale mapping when using the bundle 
adjustment method of analytical photogrammetry , 


■ i 
r 1 

H 



8.8 Recomroendations from Investigation XII 


1, The selection and marking of ground points to be used as 
control or pass points in aerial triangui.ation with photography 
such as SKYLAB material should be plannel and completed prior to 
the photo missions. 

2, Furthei improvements in the algorithm used to solve the 
normal equations in program AERTRING shoald be made, and this is 
presently being studied at the Universits Laval. 

3. A more stable film should be used for high altitude 
photography than the Aerochrome Infrared film employed in this 
investigation. 

4. A greater number of high altitude photographs, well 
distributed over SKYLAB photography areas should improve the 
accuracies obtained through bundle adjustments. 
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9. INVESTIGATION IV t QUALITATIVE EVALUATION OF SKYLAB S190A 

PHOTOGRAPHY 

9.1 Technical Approach and Task Description 

The object of this project was to evaluate the image clarity 
for mapping purposes of photography obtained from the SKYLAB S190A 
multispectral camera system. This system provided a series of 
photographs from each of six simultaneously exposed cameras contai- 
ning six different film-filter combinations. The method of evalua- 
tion was a visual intercomparison under magnification of the same 
image feature on each of the six simultaneous pictures, using second 
generation contact positive (70mm) transparencies of the imagery. 

9.2 Photography used for Investigation IV 

From the SKYLAB 3 Mission, a complete set of six simultaneots 
photographs from the S190A system was obtained for three areas of 
Canada: (a) Toronto area from Orbit 27, 9 September 1973, frame 

016; (b) Southern Manitoba from Orbit 50, 19 September 1973, frame 
214; and (c) the Bay of Fundy from Orbit 52, 21 September 1973, 
frame 316. The camera film-filter combinations of the S190A system 


are tabulated in Table 9.1 



Table 9.1 Camera Film-Filter Combinations of S190A System 


Camera 



Film 

Filter 

Bandwidth 

IR aerographic B&W — type EK2424 

CC 

0.7-0. 8 pm 

IR aerographic B&W - type EK2424 

DD 

0.8-0, 9 pm 

Aerochrome IR Colour - type EK2443 

EE 

0 . 5—0 . 88pm 

Aerial Colour — type SO-356 

FF 

0.4-0. 7 pm 

Pan-X aerial B&W - type SO-022 

BB 

0.6-0. 7 pm 

Pan-X aerial B&W - type SO-022 

AA 

0,5-0. 6 pm 


9.3 History of Investigation IV: Discussion of Tecnniques' and 


Procedures 

The three sets of photography were evaluated independently 
by employing a method of visual intercomparison of the same image 
feature on each of the six simultaneous pictures using second 
generation contact positive (70mm) transparencies. A rating of 
1-10 was assigned to the image, where 1 represented the best 
defined image of the subject among the six samples and 10 repre- 
sented no record of the subject at all. The images were also 
rated for granularity. The results of the individual evaluations 
were later tota .led to form the overall evaluation, and thus the 
film with the smallest t-tal indicated the best overall image 
quality. 


9.4 Ground Truth Activities of Investieation IV 


The cultural detail selected to determine the clarity of the 
image for map compilation included items such as airports, major 
and secondary roads, rivers, minor drainages and shoreline detail 
as well as a few specific objects such as a racetrack or pier. 
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9.5 Problems Et; countered during Investl t ^atioii IV 

The rating system was very subject! /e and if totalled over 
several subjects could give a quite erroieous relative rating of 
the film-filter combination. In order to solve this problem, the 
selection of images was tjeighted in relation to importance of map 
content so that the totals (Appendix E.l) also provided a relative 
rating with respect to average map content, 

9.6 Discussion of the Results of Investigation IV 

The performance of the various film— filter combinations in 
recording cultural map features corresponded with what would be 
predicted from experience x^ith normal aerial photography. The 
Pan-X Aerial black and white film and the Aerial Colour film ex- 
hibited low granularity and good image quality. The infra-red 
films, both black and white and colour, had a very noticeable 
granularity which affected the image resolution. The Panchroma- 
tic black and white film was the best g.'neral purpose film for 
delineating map features (roads, airports, warfs, water areas). 
Greater filtration of lower wavelengths improved the clarity of 
the image for high altitude photography. Everything seen on the 
0.5-0. 6pm bandwidth could be seen with better contrast on the 
0.6-0. 7ym bandwidth. The colour image was good but no better 
than black and white for any of the features compared. The black 
and xfhite infra-red films provided excellent delineation of water 
features. The* Aerochrome IR colour image was much poorer than the 
normal colour image and the resolution was much poorer than the 
colour or panchromatic black and white films. Examples of the 
photography evaluated can be found at Appendix E.2. 
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9.7 Conclusions to Investigation IV 

Of the six zameras of the S190A multicamera system, the camera 
containing the Panchromatic Black and White film fitted with a BB 
filter (bandwidth 0.6“0,7ym) provided the best resolution of speci- 
fic cultural detail employed in mapping. The aerial colour film 
also p.resented a clear image but no better than the camera using the 


Pan X Aerial B&W film. 


10. INVESTIGATION V; THE REVISION EOTENriAL OF SKYIAB PHOTOGRAPHY 


10.1 Technical Approach and Task Description 

The objective of this investigation was to evaluate S190A and 
S190B SKTLAB imagery for its revision potential, both in urban areas 
and rural-recreational areas. Planimetric compilations at scales of 
1:250,000 and 1:50,000 using third generation reproduction, were pro- 
duced on the Wild B-8 Stereoplotter, the Kern PG-2 and the Bausch 
and Lomb Zoom Transferscope. 

10«2 Photography used for Investigation V 

The Nindscr area of Southern Ontario was selected from the SKY- 
LAB-3 coverage in Canada as an area best representing urban mapping 
requirements. The actual photographs used included: 

- S190A Camera with a six inch focal length and original scale of 
1:2,850,000. Selected photography from this system: 

(a) Roll 23 (185-186), 0 , 6iim-0. 7pm, 4X enlarged 

(b) Roll 22 (185-186), colour, 4X enlarged. 

- S190B Camera with an eighteen inch focal length and original 
scale of 1:950,000. Selected photography from this system: 

(a) Roll 83 (152-153), colour, 2X enlarged. 

The diapositives used in the investigation were third generation 
copies obtained by enlarging the second generation negatives (black 
and white) or positives (colour). The area was free of cloud and the 
pictures had 60% forward overlap. 
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The Mazinaw Lake region of Southern Ontario was chosen as being 
typical of the remotest area covered by SKYLAB photography. However, 
this region contained a few roads, power-lines and railways. The 
SKYLAB imagery depicting this area included: 

— S19QA Camera with six inch focal length and original scale of 
1:2,850,000. Selected photography froia this system: 

(a) Roll 40 (17-18), colour, 4X enlarged 

(b) Roll 40 (17-18), 0,6-0. 7pm, 4X enlarged. 

- S190B Camera with eighteen inch focal length and original scale 
of 1:950,000. Selected photography from this system: 

(a) Roll 85 (298-299), black and white diapositives , 2X enlarged 

(b) Roll 85 (298-299), black and white diapositives, 3.8X enlarged 

(c) Roll 85 (298-299), black and white diapositives, 4X enlarged. 

Again the photographs used in plotting were third generation 

copies obtained by enlarging the second generation negatives supplied 
by NASA. In this case, the photos from the S190A cameras had only 20% 
forward overlap, so that stereoviewing was limited to a small area. 

A few small clouds and shadows were present on the imagery. 

10.3 History of Investigation V; Discussion of Techniques and Procedures 

For the revision evaluation of SKYLAB imagery in urban areas, 
the map compilations from the colour diapositives of the S190A Camera 
system were produc'^J using the Wild B-8, while the black and white 
diapositives were used in the Zoom Transferscope. The scale of both 
compilations was 1:250,000. The enlarged S190B photography used in 
the urban evaluation was plotted at scales of 1:250,000 and 1:50,00,0. 


Th 1:250,000 plots of the S190B imagery were produced directly with 
the Kern P6-2, while the 1:50,000 maps were plotted at 1:100,000 on. 
the B-8 and then enlarged using the Transf erscope . 

For the rural-recreational study, the colour diapositives of the 
S190A system were again used in the B~8 to produce a plot directly at 
1:250,000. The S190B photography was used both in the B-8 and the 
Zoom Transf erscope to produce plots at 1:250,000 scale. The S190B 
imagery was also used to produce 1:50,000 scale mapping in the same 
manner as in the urban evaluation. In addition, a portion of the 
imagery was enlarged four times making it possible to plot directly 
at 1:50,000 with the Zoom Tra.’>sf erscope . 

Appendix F.3 displays samples of enlarged S190A and S190B photo- 
graphy to the scale of 1:250,000, 

10.4 Ground Truth Activities of Investigation V 


Published 1:50,000 and 1:250,000 map sheets served as a basxs 
to establish scale and map content. However, the plotting of detail 
was done independently of the map and the compiler drew only what he 
could see and interpret from the photographs. 

10.5 Problems Encountered during Investigation V 


For the revision evaluation in both the urban and rural recrea- 
tional areas, it was not possible to plot the enlarged S190B imagery 
directly at 1:50,000 in the B-8. Therefore, the detailed was plotted 
at a smaller scale (1:90,000 or 1:100,000) and then enlarged to 


1:50,000 using the Zoom Transf erscope. 
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The original intention of this investigation was to evaluate 
photography for revision potential over true wilderness areas. 
However, the most remote area covered by available SKYLAB imagery 
(Hazinaw Lake district) represented one for which the map sheet 
could be classified as "rural-recreational". For this classifica- 
tion, the imagery received was suitable for evaluation.' 

10,6 Discussion of the Results of Investigation V 

The results of this investigation can be broken down under 
two topics for each study: (a) revision potential at the scale 

of 1:250,000 and (b) at the scale of 1:50,000. 

At the scale of 1:250,000 and using the S190A imagery, the 
best results for both the urban and rural-recreational evaluations 
were obtained using the colour diapositives in the Wild B-8 plot- 
ter, (See Appendices F,1 and F.2 for sample overlays.) Roads were 
difficult to distinguish in the heavily built-up areas, but in 
rural areas roads were identifiable by the presence of houses and 
farms which usually could quite easily be seen. Power lines and 
large lakes could be plotted with an accuracy commensurate with 
revision requirements at this scale, as well as many other well 
defined features such as airports, subdivisions, farm complexes, 
sewage plants, gravel pits and oil and gas tanks. However, deli- 
neation of shorelines was of variable accuracy, and drainage pat- 
terns and railways could not be detected. 

The use of the S190B imagery to produce plots at 1:250,000 
improved the accuracy and content of the map both for the urban 
and rural-recreational evaluations. Some of the railroads could 
be plotted in the urban study and the identification of the road 


patterns was easier for both evaluations* However, in both cases, 
the delineation cf drainage patterns and inland waters remained 
quite difficult in many areas. 

In compiling the 1:50,000 maps from the enlargements of the 
1:90,000 (rural-i ecreational) and 1:100,000 (urban) detail plotted 
on the B-8, which were obtained from the initial S190B third 
generation imagery, there was a very definite loss in resolution 
which in general left the detail fuzzy and difficult to define. 

(See Appendices F.l and F.3.) Only power lines and hard-surface 
all-weather roads could be plotted with an accuracy adequate for 
1:50,000 interim revision and only then in the rural areas. For 
the urban evaluation, it was impossible to depict the buildings 
accurately and again, in both cases, the water areas could not 
be delineated in detail. The results obtained in the rural-recrea' 
tional evaluation from the plot at scale 1:50,000 on the Zoom 
Transferscope, using the four times enlarged S190B photography, 
produced an image that was ob j ectionally fuzzy. 

10.7 Conclusions to Investigation V 

To a certain extent, photography from the S190B (colour) 
system and the S190A (colour) system could be used for road re- 
vision in the urban-agricultural areas for the scale of 1:250,000, 
Many other features such as airports, subdivisions, farm complexes 
sewage plants, gravel pits and tanks could be detected, but it is 
unlikely that their interpretation would be reliable enough to con 
sider this photography as a complete revision source for such in- 
formation* However, it could serve as an indicator of where addi- 
tional information is required. 
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In the rural-recreational map sheet area studied, space photo- 
graphy of the type provided by the SKYLAI- S190A camera system (aerial 
colour) could be used for interim revision mapping at a scale of 
1:250,000 for the detection of ne^w featui-es such as major roads, 
power lines and new reservoirs. The SKYLAB S190B photography in- 
creased the confidence with which these features could be identified 
at the 1:250,000 scale but offered no additional reliable map re- 
vision potential. 

For both urban and rural-recreational revision, the map revision 
potential at a scale of 1:50,000 using the better S190B camera photo- 
graphy was limited, and could be applied with certainty only to major 
roads and powerlines. 

10.8 Recommendations of Investigation V 

1. Imagery from space photography similar to the SKYLAB S190A 
and S190B Camera systems may be used for map revision at the scale 
of 1:250,000. However, this imagery maj be used with certainty only 
for the revision of new major roads and power lines in non-urban areas. 

2, Space photography with characteristics similar to SKYLAB 
S190A and S190B imagery can serve as a valuable indicator to where 
revision of 1:50,000 maps detail is required. It may then be neces- 
sary to obtain additional revision information such as conventional 
aerial photography, to complete the actual revision. 
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11. INVESTIGATION VI ; THE POTEMTIAL OF SKYIAB PHOTOMAFPING APPLICATIONS 

11.1 Technical Approach and Task Description 

To determine the photomapping applications of SKYLAB imagery, a 
partial photomap at the scale of 1:250,000 of an area north of the 
Bay of Quinte, Southern Ontario, was produced from ooth SKYLAB S190A 
and S190B photography. These were compared with each other and eva- 
luated as input products to a complete photomap at this scale. The 
potential of producing photomaps from this imagery was also evaluated 
against photomaps produced from standard aerial photography at one 
end of the scale and LANDSAT-1 imagery at the other end of the scale. 

11.2 Photography used for Investigation VI 

Table 11.1 indicates the photography used to produce the photo- 


maps of the selected area (Bay of Quinte north to latitude 44° 45’"': 
Table 11.1 -Input Photography and Imagery 


Camera 

Original Scale 

Ban dwidth 

rf Pictures 

Enlargement 

6" f.l., 9'’x9” 
Wild, Zeiss 

1: 36,000 

0.5-0. 68pm 

240 

0.14 

SKYLAB S190A 
■5 ” f.l., 7 0mm 

1:2,850,000 

0.5-0. 6 pm 

1 

11.4 

SKYLAB S190A 
6" f.l. , 70mm 

1:2,850,000 

0.6-0. 7 ym 

1 

11.4 

SKYLAB S190B 
18" f.l., 44" 

1: 950,000 

0.5-0. 68]nn 

1 

3.8 

LANDSAT-1 

70mm 

1:3,369,000 

0 « 6—0 « 7 Jim j 

1 

13,5 











The area sel acted for evaluation covered about one third of a 
standard 1:250,00 ) map sheet (99 statute miles E-W by 69 miles IT-S) 
of the National Topographic Series (N.T.S.). This area was corered 
by black and white photography from both the S190A and S190B camera 
systems, by conventional aerial photography and by LANDSAT imagery. 

The scale of 1:250,000 was the only scale studied since the next 
larger N.T.S. scale, 1:50,000, is within the capability of conven- 
tional aerial photography, and the next smaller scale, 1:500,000, is 
within the capability of the LANDSAT system. 

To produce one of the photomaps of the evaluation area, 240 
standard aerial photographs at the scale of 1:36,000 were used. A 
second photomap of the same area was produced from one black and 
white S190A image of spectral bandwidth 0.5-0. 6pm, and a third photo- 
map from a S190A image having a spectral bandwidth of 0.6-0.7um. In 
the latter two cases, it was required that the enlargement from 
1:2,850,000 to 1:250,000 be done in two stages. For these test sara- 

I 

pies, the 70-millimeter second generation positive copy was enlarged 
to a 9*'x9" negative, which was then rectified to a map base at 
1:250,000 with considerable loss of resolution and contrast. The 
fourth photomap produced was rectified directly from the S190B imagery. 
The fifth photomap was produced from LANDSAT-1 imagery. (See example 
reproductions at Appendix G) . 


11.4 Ground Truth Activities 


Investigation VI 


Published 1:50,000 and 1:250,000 map sheets of the H.T.S. series 
were used as map bases for the rectifications of the photographs as 
required. 
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11.5 Problems Et countered during Investx^;atioii VI 

The SKYLAB jhotographic system provided small scale coverage 
in both black and white and colour for United areas in Canada. 

None of the passes provided complete coverage of a 1:250,000 map 
sheet. Photography suitable for evaluation covered approximately 
one third of a standard 1:250,000 sheet. 

The 70 millimeter format S190A imagery had to be enlarged to 
9'*x9" negatives before rectification to a map base at 1:250,000. 

This led to a relatively poor image with evident granularity and 
poor image resolution along with the possibility of additional de- 
fects acquired at each reproduction stage. 

11.6 Discussion of the Results of Investigation VI 

Although technically possible, the production of photomaps at 
1:250,000 from conventional aerial photography is time consuming 
because of the number of pictures involved, and the product often 
suffers from several well known defects. The number of pictures 
required can range from 100 super wide angle photos at 1:110,000 
scale to as many as 800 if the. smallest scale available is 1:36,000, 
as was the case in this investigation. Density and contrast mat- 
ching problems increase with increasing numbers of pictures. Other 
evident defects of photomaps produced in this manner arise due to 
banding, tone control and specular reflection from water. The plani 
metric accuracy, however, was excellent in this case as the compila- 
tion was based on 1:50,000 map manuscripts., Tlie amount of detail 
present in the copy negative far exceeded that which would usefully 
reproduce in a lithographic process, and would be more appropriate 
to the production of 1:50,000 or larger scale photomaps. 
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As mentioned in Section 11.5, the enlargement of the two sets 
of S190A photography had to be accomplished in two stages. The re- 
sults of neither were outstanding. Film f.ranularity in the final 
products was quite evident and image resolution was less than could 
be reproduced in a lithographic process. Contrast control through 
the numerous reproductions can present problems, and image defects 
are easily acquired at each reproduction stage. Of the two spectral 
bands, the range 0.5-0.6ym was the better although delineation of 
water features was poor. The photography in the bandwidth 0.6-0, 7 
resulted in too high a contrast image with a loss of detail in all 
the cultivated areas. However, the planimetric accuracy was good 
and well within the accuracies required for 1:250,000 photomapping. 

The SKYLAB S190B photography taken with panchromatic film and 
a conventional Hratten 12 (0,5ym) filter provided an excellent image 
for 1:250,000 photomapping. The enlargement factor of 3.8X did not 
exceed the resolution capabilities of the film, and the planimetric 
accuracy was well within the requirementt of 1:250,000 photomapping. 

The use of LANDSAT imagery for 1:250,000 photomapping had been 
previously explored by the Research and Development Section, Topo- 
graphical Survey Directorate, and discarded because of short comings 
in planimetric accuracy and image quality. However, the LANDSAT 
experiments did present interesting comparisons with the SKYLAB pro- 
ducts, The water areas and drainage systems were perhaps more rea- 
dily Identifiable on LANDSAT imagery than any of the other products 
but resolution of detail was much inferior. The coverage per map 
sheet was the largest of all the products studied (1.9 times). How- 
ever, the difficulties of obtaining map sheet coverage, even with an 
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image this size, from cyclic cloud coverage has been well demonstrated 
during the three years LANDSAT has been ir operation and this expedience 
can be extrapolated to a SKYLAB-type product. 

The coverage of a single image from the S190A system is about 

I. 4 times the area of a southern 1:250,000 map sheet, but because 
of the direction of the orbital paths it would require at least 4 
frames from 2 or more orbits to cover a conventional sheet. A single 
SKYLAB image from the S190B camera system covers about 65% of a 
southern 1:250,000 map sheet and again since the orbital paths are 
not compatible with efficient coverage of a map grid system such as 
the N.T.S. system, it would be expected that parts of at least 4 to 

6 photos would be required to cover a single sheet. As soon as more 
than one image is required in any case, the same problem is encountered 
as in conventional aerial photography - that of obtaining cloud-free 
photography in a short time period. 

II. 7 Conclusions and Comments of Investigation VI 

The SKYLAB S190B camera system operating with normal panchromatic 
film and a Wratten 12 filter produced the most appropriate image for 
1:250,000 photomapping - of any of the five systems evaluated. The 
resolution of this system was adequate, the planimetric accuracy was 
good and a single image replaced a multitude of aerial photos. 

Notwithstanding the above advantages of the S190B image, a non- 
directed photographic system such as an orbiting satellite has serious 
shortcomings for a country with weather systems like those over Canada. 
Experience with LANDSAT has shown that cyclic coverage of a country as 
sporadically cloud-covered as Canada is not efficient, and it would 
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not be unexpected to find that it would take one year to several years 
(depending on the area) to obtain the 4 to 6 compatible cloud-free 
photographs required to cover a standard map sheet. 

A 1:250,000 nap sheet can be photographed in one day by conven- 
tional methods under cloud-free conditions, although the aircraft 
may have been waiting for several weeks (or months) for that weather 
condition. 

Directed systems (airborne photography with conventional mapping 
cameras) can provide scales as small as 1:150,000 on a commercial 
basis (Jet with super-wide angle lens). Military technology has 
operated aircraft at 80,000 feet (11-2) which, with a conventional 
super-wide mapping camera provides a scale of 1:275,000. Such systems 
would offer as great a potential for 1:250,000 photomapping as the 
SKYLAB S190B camera system, even though the number of pictures re- 
quired to cover a standard sheet of this scale would be between 15 
(U— 2) and 45 (Jet.) compared to 4-6 S190B photographs. 

Although cloud— free imagery from satellite ensors such as 
SKYLAB S190B Camera System. provides excellent photography for small 
scale photomapping purposes, it can not be considered to be an effi- 
cient method of obtaining imagery of frequently cloud covered areas. 

As a practical consideration, it must be pointed out that directed 
photographic systems, such as those employed by Jet aircraft and lJ-2 
aircraft, offer as great a photomapping potential as SKYLAB imagery, 
take less time to acquire the necessary photography, and would use 
conventional auxiliary equipment (enlargers, rectifiers, differen- 
tial rectifiers) already in existence for mapping for aerial photo- 
graphy. 


GENERAL CONCLUSIONS 


Conclusions - Quantitative lnvestif;at ions I 

The results of Investigation I, which was carried out on a 
single S190A (bandwidth 0 6-0. 7um) model, satisfied the plani- 
metric accuracy requirements at mapping scales of 1:250,000 and 
smaller, using two dimensional transformations on data obtained 
from a four times enlarged image. In addition, it was shown 
that NATO planimetric accuracy requirements for Class B 
1:50,000 mapping were obtainable, using a three dimensional 
adjustment of this enlarged image data. Investigation II in- 
dicated that the extension of horizontal control on small strips 
of S190A (bandwidth 0,6-0.7um) imagery through a fully analytical 
adjustment could also achieve 1:250,000 scale mapping require- 
ments. The introduction of imagery from the S190B camera system, 
although not considered metric in the pho togrammetric sense, in- 
creased the planimetric accuracy significantly in that Class B 
1:50,000 accuracy specifications were met. Investigation III, 
which examined the potential of employing S190A imagery as con- 
trol for high altitude aircraft photography, resulted in an 
improvement in the accuracies of the ground X, Y and 2 coordinates 
by 25, 21 and 28% respectively, when using a bundle method of 
adjustment on the combined photography. In this investigation. 
Class A 1:250,000 mapping standards were also obtained on--S190A 
(0.6-0.7vm) photography. 


Although the three quantitative investigations were undertaken 


by three separate agencies, employing different techniques of 
aerial triangulation adjustments, the overall results were quite 
compatible. In all three cases, 1:250,000 mapping requirements 
were achieved quite easily on the S190A photography, which employed 
Pan X Aerial Black and White Film with a bandwidth of 0.6-0,7um. 

The ground control for all three investigations was obtained in 
similar manners from already existing me4ium scale map sheets, 
where the actual positioning of these points could be in error by 
as much as ±20 meters. In Investigation I when a 3-Dimensional 
PAT-M adjustment procedure was carried out on the STK-1 data of 
the single enlarged S190A model, the standard deviation at control 
was approximately 20 meters in both X and Y. The same results 
were obtained from the two strips of S190A (0.6-0.7 ubi) photography 
examined in Investigation II, which also employed the PAT-M-43 
adjustment. Investigation III, which led to the development of a 
bundle method of adjustment employing SKYLAB orbital parameters, 
also yielded standard deviations of approximately 20 meters in 
both X and Y at control. The 2-Dimensional transformations per- 
formed on the data from the S190A imagery (4X enlarged) in Inves- 
tigation I yielded slightly larger standard deviations of approxi- 
mately 26 meters at control, which the polynomial adjustments of 
Investigation III averaged 30 meter standard deviations in X and 
Y. Considering the origin of the ground control, these results 
are extremely good and consistent. 


/z: ^ 


A 


58 


The best ad;? ustment results of all three quantitative investi- 
gations were obtained in Investigation II from the data derived 
from the S190B photography. The standard deviation at control was 
approximately 10 meters in both X and Y, with an RMS error of 23 
meters at check points. Although this camera system does not meet 
the specifications of a metric camera, the larger scale image pro- 
vided by the system has apparently more than offset the lower pre- 
cision of the internal geometry. 

A strong recommendation from all three of these investigations 
advised the development of some method of targeting of ground con- 
trol prior to future satellite imagery gathering missions. For 
example, a specially designed mirror/light system could be employed. 
Another recommendation from these quantitative studies involved the 
installation of a metric camera with a fairly long focal length for 
future space missions. 

12«2 Conclusio ts - Qualitative Investigations IV, V, VI 

The qualitative evaluation of the photography of each of the 
six simultaneously exposed cameras of the S190A camera system 
(Investigation IV) showed that the camera containing the Fanchro- 
matic Aerial Black and White film fitted with a BB filter (bandwidth 
0.6-0»7pm), provided the best resolution of specific cultural detail 
required in mapping. The aerial colour film also presented a clear 
image but no better than the Pan X Black and White. However, for 
map revision purposes (Investigation V), the aerial colour film 
offered the greatest potential of the S190A system cameras, for re- 
vision at scales of 1:250,000 and smaller. In any case, this map 
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revision potential was limited to the detection of major roads, 
powerlines, and aew reservoirs and thus nay serve only as an 
indicator as to where revision might be necessary. For 1:50,000 
mapping, the necessary two-stage enlargement procedure involved 
with the S190A imagery resulted in a very definite loss of reso- 
lution and detail. The same enlargement difficulties occurred 
in the production of partial photomaps (Investigation VI) employ- 
ing the S190A imagery. 

The S190B photography increased the confidence with which 
features could be identified for map revision purposes at the 
scale of 1:250,000, but again it was unlikely that the interpre- 
tation of these features was reliable enough to consider this 
photography as a complete revision source. However, the S190B 
photography would serve better than the S190A photography as an 
indicator of the location of new features at the scale of 
1:250,000, and could only be applied with certainty at the scale 
of 1:50,000 for the identification of m^-jor roads and powerlines. 
The b.-, DB imagery proved the most appropriate type of photography 
for the production of photomaps at the scale of 1:250,000 of the 
five samples studied during Investigation VI. The major draw- 
back in using this photography for photomapping in a country as 
frequently cloud covered as Canada lies in obtaining compatible 
cloud-free imagery. Directed systems of obtaining small scale 
photography, such as the TJ-2 aircraft equipped with super-wide 
angle cameras, could offer as great a photomapping potential as 
S190B photography with fewer problems due to weather. 


The results of. the six independent investigations carried out 
on the SKTLAB/EREP imagery clearly indicated that certain selected 
sets of this photography were ’ adequate for planimetric mapping pur- 
poses at scales of 1:250,000 and smaller. In limited cases, the 
NATO planimetric accuracy requirements for Class B 1:50,000 scale 
mapping were also achieved. 

Of the S190A photography system, the camera containing the 
Pan X Aerial Black and White film (0,6-0, 7pm) offered the greatest 
potential to mapping at small scales. However, the S190B system 
continually proved to offer more versatility throughout the entire 
investigation in that the larger and clearer image achieved up to 
Class B 1:50,000 planimetric accuracy requirements; depicted more 
clearly than S190A photography specific ground features for map 
revision potential at scales of 1:50,000 and 1:250,000; and offeired 
the best input product of all studied to the production of photo- 
maps at the scale of 1:250,000. For future applications, a metric 
camera with similar characteristics to the S190B camera could pro- 
vide a multi-purpose system for mapping from satellite imagery. 
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PROVISIONS S 

FOR PARTICIPATION IN THE NASA 
SKiTLAB EARTH RESOURCES EXPERIMENT PROGRAM 


Iavef;tigatioa to be Conducted ; 

1.1 The Department of Energy, Mines, and Resources will use 
its bast efforts to arrange for furnishing, the necessary personnel, 
facilities, and services for the Principal Investigator to conduct 
an investigation and analysis of Earth Resources Experiment 
Program (EREP) data. The general approach, intent, and 
objectives of this investigation and analysis are detaUed in the 
proposal entitled ’'investigation of Selected Imagery from Skylab/ 

EREP S190 Photographic System, " dated April 1971. Submitted 
, byMr. R. A. Stewart. 

1. 2 The purpose of these provisions is to identify the services, 
tasks, and deliverable products required of the Principal Investigator, 
his associated Co-Investigators, and their related organizations 
for llie investigation and analysis of Skylab EREP data. 

1.3 Technical Approach 

The investigation will assess the imagery, accuracies obtainable 
and cost effectiveness, of photography from the EREP SIOOA and 
S190B sensors, for 1:50, 000, 1:100, 000 and 1:250, 000 scale mapping 
and/or revision, activities. More specifically, it is proposed to 
conduct the following studies: 

(1) Ground resolution capabilities of satellite photography, 
specifically SI 90 system photography. 

(2) Utilization of S190 photography for the production of plani- 
metric graphical maps and photo maps at scales of 1:50, 000,- 1:100, 000 
and 1:250, 000. 

(3) Formation of geometrical models of the terrain using stereoscopic 

satellite photography. . ‘ 

(4) Exterior orientation of analytically constructed models using - 
.satellite photography. 

(5) Feasibility and accuracy of using analytical aerotriangulation 
and numerical adjustment with satellite photography for planimetric 
mapping in northei'n Canada where control is sparse. 




Glass and/or film diaposifcives will be produced from botli 
the colour and black and white or.ginals. Photogramme trie 
mensuration and resolution evaluation will be performed on each 
type of imagery received, Measirement of single photographs 
and stereo models will be performed on comparators and the 
Analytical Plotter. Analytical aerotrianguladon and adjustment 
win be performed throughout the maximum number of models 
a 'y~a.il able. 

Graphical (line) planimetric mapping will be produced at 
scales of 1:50, 000 and smaller, and evaluated against redundant 
ground control already available, and against existing larger 
scale mapping at 1:25, 000. Photomap sections will also be 
produced and evaluated as to their usefulness for mapping - 
particularly in the Canadian nortliland. 

The mensuration, map production, analysis and evaluation 
v/SH result in a quantitative and qualitative assessment of the 
value of satellite metric photography (S190 system) for mapping 
and map revision. 

The S192 multispectral scanner data will _be used in the 
development of interpretation techniques. Tho Canada Centre 
for Remote Sensing (CCRS) will conduct research investigations 
in automatic interpretation of image data from aircraft and 
spacecraft. Emphasis will be placed on classification of 
cover types. CCRS will be assisted in the collection of ground 
truth along the satellite path by several federal and provincial 
agencies. CCRS will make use of its ERT3 and aircraft data 
hajadling facility and an interactive multispectral analyzer 
display system in these investigations. 

Several other Canadian government departments are very 
interested in obtaining the SlS2 imagery from CCRS for resource 
studies within their jurisdiction. These include the Department 
of trie Environment (forestry, oceanography, inland waters) 
and die Department of Agriculture. 

1. 4 These provisions shall become effective on the date of. 
signature and remain in effect until 12 months from last receipt 
of data unless extended by the mutual agreement of NASA and ' 
the Principal Investigator. 

1. 5 The efforts required by this agreement are limited to those 
identified in the PI proposal, as amended and/or modified by 
this agreement. 
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1. G Ally change ia the scope or the objective of the approved 
invest gation acd analysis as defin<*d in the Task Description 
requires the prior approval of NASA. 

Requests for changes should be seat as noted below: 

Six copies to: Dii'ector, Earth Observations Programs 

■ Code ER, NASA Headquarters 
Washington, D. C. 20546 

One copy to: - NASA Office of International A.ffairs 

Code I, NASA Headquarters 
Washington, D. C. 20546 

Two copies to: EREP Technical Ivlonitor, Code TF6 

NASA Manned Spacecraft Center 
Houston, Texas 7705S 

1,7 Should tl'.e requirements stipulated in the Principal Investiga- 
tor's proposal differ from the requireinents stipulated in these 
provisions, the requirements of these provisions will prevail. 

2, Phase, Approach: 

The approved investigation and analysis v/illbc performed in two 
major phases: 

** « 

2. 1 Phase I — Preparation 

■ 2,1.1 The Principal Investigator* should establish a state 
of readiness to receive, process and analyse the Sl:ylab data. 
Typical preparations include, but are not limited to, participa- 
tion in generating the Investigation Requirements Document 
(IRD), equipment setups, test runs using simulated data 
(as available), 'ata analyses, literature searches and 
surveys, etc,, 

2.1.2 Milestone Plan 

Concurrent with 2. 1. 1 above, the Principal Investigator 
v/ill generate as detailed and firm a schedule .as possible that 
idonliries slart/stop dates for each cUua activity; data (by 
type) need dates; majoy analysis program milestones; etc. 


2. 2 F.iase II — Data Analysis 

Tiis phase will begia upon receipt by the Principal Invest: gator 
of Sky lab EUEP data. The purpose of this phase is to utilize 
the Milestone Plan and data reduction and analysis techniques 
develcped in Phase I to complete the investigation proposed. 

This phase will complete the period of performance of the 
investigation, 

. More specifically the Principal Investigafor will: 

2.2.1 Process {as required) and analyze Skylab data received 
from N.A.SA, 

2.2.2 Evaluate and, if necessary, revise or modifj'' the 
Investigation Requirements Document, task description, . 
and milestone plans to assure compatibility with any revised 
and impi'oved data processing procedure and/or analysis 
technique. 

2.3.3 The Principal Investigator shall publish the res’ults of 
his efforts as soon as possible in the open literature; however, 
NASA concurrence to release such results a.nd related data 

as delineated in paragraph 8, "Data Release and Use Restric- 
tions" should be obtained. 

2.3.4 Prepare a Final Report as specified in paragraph 4.2. 
3. Tasks Description 

3. 1 EREP Technical Investigations • 

3.1,1 Mission Support 

. The PI shall assist NASA/I^ISC in mission planning 
activities related to the proposed investigation. The mission 
planning activities shall include but not be limited to: 

a. Site definition and constraints 

b. Scientific and calibration data and photographic 
requirements 

c. Normal and contingency operations 


In'addition, the PI shall assist 2\ASA/aVISC din'ing 
tiie mission in providing guidance concerning real time 
EKEP pass planning. • ' 

3.1.2 Scientific Requirements 

The PI shall be responsible for establishing tI:o 
scientific requirements and/or objectives for the investigative 
tasks and shall participate as may be required in reviews 
relating to the performance, operation and data requirements. 

3.1.3 Supporting Studies 


The PI H'lall ccnduc: those supporting studies • 
{i. e. , ground measurements, analysis of aircraft 
data) that are required to complete the approved 
tasks. • ' 


The PI shall prepare reports which describe the results 
and analy.sis of the studies and shall be submitted to NASA/2vISC 
as part of iiie progress report. 

A 

3. 1. 4 Scientific Data Reduction and Analysis 

The PI shall he responsible for the reduction, analysis 
and interpretation of tiie EREP data. Specifically tiiese 
activities include completion of tasks identified in items (1) 
through (5) in Section 1.3. 
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4. Reports 


• The Principal Investigator will prepare the documents and reperts 
listed belov.* rmd forward them with all transportation costs prepaic 
to the addresses indicated. . 


4. 1 Quarterly Reports 


Four copies of Quarterly Progress Reports will be prepared 
in English, and foi'warded to NASA as noted' in para.granh 5.G. 

The first Progress Report vnli be submitted three months after 
initiation of Phase I and should be received at NASA within ten da^'S 


after Oie end of the period reported. This report may be in letter 
form and. wRi contain as a minimum the following information. 


4. 1. 1 Title of UiG Investigation. 

4.1.2 RASA Headquarters proposal identification number, 

SR 558-1/2). 

4. 1.3 A discussion and summary of the accomplishments 
during the reporting period and those planned for the next 
reporting period. 

4. 1. 4 A discus.sion of significant results and tlieir relation- 
ship to practical applications and/or cperational problems. 

4. 1. 5 A description of major problems impeding the progress 
of the investigation, 

4, i, 6 A list of published articles and/or papers, preprints, 
etc. that were released during die reporting period. 


4,1.7 Recommendations concerning practical changes in 
operations or additional investigative effort leading 'to the 
utilization of the Skylab EREP data. 


analytic 

maxim:: 


4.2 Final Report 

Ten copies of the Final Report will be prepared in English 
and for'warded to NASA as noted in paragi’aph 5.0,' such report to 


Of POOB* QPALmi 


be prep -.red not later than the final ?0 days of Phase II. One 
di’afl cepy, in Eu^Jish, will be submitted to the X.ASA Technical 
Monitoi not later than 60 days prioi to the end of Phase II for 
review. The Principal Investigator will be notified of any NASA 
coiTime its on the report within 30 days after receipt of the drait 
byKAS^. 

1 Content - The Final Report will be a comprehensive 
suinmai'y of the information submitted in the Quarterly Reports 
and will be a complete and self sufficient document defining 
all aspects and residts of the investigation. As a minimum the 
following information will be included; 

4.2. 1. 1 Front cover in format of attached Figure 1. , 
"Sample Report Cover. " 

4.2. 1.2 Index of the major categories of information 
included. 

4. 2. 1. 3 The Technical Approach and Task Description 
as included herein, 

4.2. 1,4 A narrative history of the investigation. 

4.2. 1. 5 A discussion of the techniques and procedures 
used. 

4, 2,^1. 6 *A summary of the Slcylab data furnished and 
a defitiition of the conditions under which the data 
was obtained. 

4. 2. 1. 7 A summarj' of ground truth activities. 

{Rough field notes shall be included as an addendum 
to the. Final Report). 

4.2. 1. S A discussion of the problems encountered 
and their resolution. 

4.2. 1.9 A discussion of the results and findings of 
the investigation. 

4. 2. 1. 10 The recommendations of the Principal 
Investigator ivith respect to utilization of space sensed 


data for practical appli«;atioa of the iinaings 
of the investigation to s irth related tasks and 
problems. 

4,3 Professional Reports 

Five copies of all published reports, in-house reports, 
scientific papers, theses, etc. , resulting from the effort performed 
under this agreement shall be forwarded in English, to NASA as 
noted in paragraph 5. 0. ■ '■ 

5, Report Submission - Formal submission of reports required in 
tlie performance of this agreement shall be to the addressee and in the’ 
quantities specified below. 


Addressee 


Quarterly 

Reports 


Final 

Report 


Professional 

Repoi'ts 


Director, Earth Observations 


Programs 


Code ER, NASA Headquarters 
Washington, D, C. 20546 


One Copy 


One Copy 


One Copy 


NASA Office of International 
Affairs 

Code I, NASA Headquarters 
Washington, D. C. 20546 

EREF Teclinical Monitor 
Code TFS 

NASA Manned Spacecraft Center 
Houston, Texas 77058 


' One Copy 
Two Copies 


One Copy 


One Copy 


Seven Copies Two Copies 


Technical Library Branch 
Code JM6 

NASAi Alannsd Spacecraft Center 
Houston, Texas 77053 


None 


♦ One Copy _ None 


6. Investigation Data Avv*ailabil ity . • 

NASA will use its best efforts to obtain and process the data required by 
the Principal Investigator in such a manner as c.6 achieve the quality and 


tirndiKass reijuired to support the Principal Investigator’s efforts. 
Because of the multiplicity of rcquircmer is for data by numerous 
Priocipal Iiivastigators and as a result of other Skylab program 
requirements and iimitationSj some compromises in data acquisitioi 
and prccessitig may result, but such decisions will include the most 
careful consideration of the requirements of these provisions. 


6. 1 Substitute Data 


II the data required to perform the tasks specified in these 
previsions are not available for the site requested, then upon 
mutual agreement of the i>CASA and ihe Principal Investigator, 
data relating to an alternate site may be provided. 


7. lavestigation Data Definition 


The SIrylab EREP data to be furnish.ed. in support of this investigation 
will be jjpeeiXied in an Investigation nequirements Document (IRD) 
which sh.a21 bo initiated by the Technical I'.Ionitor based on the proposal 
received anu will be verified by the Principal Investigator prior to the 
applicable Skylab missions. 


8, Dat a Use and Release Pwestrictions 

A. The Principal Investigator and Department, of Energy, Mines, and 
Resources will not use for other than government purposes, nor release 
nor publish, any analysis /findings, or techniques developed under this 
agreemeat or any-information deriv'ed therefrom, until such analysis/finc 
or lochniques have been reported to NASA in the mannsr prescribed 
by IZiis a^'Tcement and the Principal Investigator has been informed 
by irASA in writing that such reported analysis /findings o.r techniques 
have been made available to the general public. 


B. I? it is necessary in fulfilling the requ’.ements of this agreement 
ihat the Principal Investigator release or disclose to otiiers said 
analysris /findings or techniques, or any information dei'ived there-. 
frora.„ prior to being advised by IvASA that such has been made 
available to the general public, the Pi'incipal Investigator trill, 
before stich release or disclosure, obtain a written agreement from 
the recipient to abide by the foregoing release and use restrictions. 
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9. DciM'^cry anrt Ai^chiving of Data; 

9.3 E^LAR will arrange for meeting the cost of 

shipping ERE}" data to t!-.o Principal Investigator, Insofar as 
possiL’le, will ship the data in :hc manner requested. How- 

ever, :5ata will bo shipped to the Principal Investigator by the most 
expociient and direct route possible so as not to delay the invest!- 
gatioro. 


9.2 Tine data can be shipped in accordance'with paragraph 1, 2, 
or 3 below: 

S. 2. 1 The data can be sent air freight- collect from the NASA 
Ivlanned Spacecraft Center, Houston, Texas to the Principal 
Isnvestigalor or sponsoring agency. 

9- 2.2 Tlie data can be mailed from the NASA Manned Spacecraft 
Center, Houston, Texas to the appropriate foreign embassy or 
jioission in Washington, D. C. , or be piched u? at the NASA 
Ivlanned Spacecraft Center by a designated contact. The embassy, 
ixiission or other designated contact may then forward the data 
to the Principal Invcsiigator or sponsoring agency. 

9.2.3 (Other), as requested by the Principal Investigator and 
ag^reed to by NASA. 

9. 3 /-t ny anticipated dela y in scheduled completion of tlie agreed 
effort resultin g* <iii^ec:Iy tram untimely availabiliiv ox’ required 
data cr for oth er I'casor.s should immediately be brought: to the 
attcouion o: the Technical Ivlcniior in- writing. 

9.4 rCASA is presently in the process of establishing a system tor 
catjilc,guing and archiving EREP investigation data. \lTien the NA.3A 
cataloguing and archiving system is finalized, the Principal 
Investigator v.'ill be sent intorniation which will explain how the 
systcrri operates. Thereafter, "the Principal Investigator may be 
requosied to aid in the identification of, and the incorporation of 
EREI-^ data related to his investigation into the NASA system. 

* 

10. Use c * the International Svstem of Units (SI): 


Sicas -rement values should be expressed in the International 
System of Units. Both SI units, and custctr.arj' units can be used where 
the use o ■ ST units would impair communications or reduce the useful- 
ness cf i..a repori. W.xon bo:h systems are used, SI vnits shovdd be 
stated fi. .• t and uusioi'.iary units afierv.aicls; i. e. , ICCG KM r.'tlc-i 
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Ta each case, the report shoitld state v;hi;h system of units was used 
for the original measurements and calculations. 

11. Disposition of XA.SA Property: 


Any magnetic tapes furnished by XAS^v will remain the property 
of NASA. The l^rincipal Investigator will be responsible for main- 
taining an accurate record of the quantity of such tapes furnished him 
and return lim same' no later than sLx mernhs foUowins completion 
of the investigation or whene-.-er the data containea on them has 
served its useful ncruuse and is no iongSfr recuired by the investigator, 
Keiurn shipment should be to; 


NASA hlannsd Spacecraft Center 
Houston, Texas 7705S 
Attention; Code FD5 - CjMDF 


12, Technical Direction 


NASA Technical Direction to the Principal Investigator will be 
through the NASA Tccimical Monitor and will be limited to dii'cctions 
which fill in details, suggest possible lines of inquiry or otherwise more 
soecifically, define the work set forth in these provisions. This technic: 
direction will not materially ci:ange the intent of the Technical Approach 
Tasks Description as stated herein. All such technical direction will 
be in wi-iting. 


The Technical fvlonitor for this investigation is: 


Mr. Roger D. Hicks 
Code TF6 

NASA Manned Spacecraft Center 
Houston, Texas 7T05S 


13. XA.SA Sponsored Conferences 

A NASA sponsored conference may be held relative to the ]^EP 

Investigations. This conference will be for the purpose of presenting 
.the results of die final report submitted. The Principal Investigator 
or, if necessary, his designee agrees to attend the conference if reque; 






EXAMPLE 

Title of Investigation — WIND EROSION OF SOILS 

Principal In%-estigator — ; — Claudius Xenia 


Name and address of — 
Principsd Investigator's 
Organization 



Date 


September 1972 


Type of -report and Quarterly Progress Report for Period 

period covered JulY~September 1972 



Name and address of • ‘ NASA Maimed Spacecraft 

national sponsoring ■ — ^ Center 

agency 'Houston, Texas 7705S 


Figure 1. Sample Report Cover 
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ADJUSTMENT RESULTS OF 2-DIMENSIONAL TRANSFORMATIONS 


Type of 

Transformation 

Plate 

# 

Similarity 

314 

315 

314 

315 

Similarity 

(9-point) 

314 

315 

314 

315 

Pro j activity 

314 

315 

314 

315 

Projectlvity 

(9-point) 

314 

315 

314 

315 • 
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73 

oy 
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86 

85 
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67 

77 
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34 

31 

46 
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18 

37 

25 

21 

33 

30 

24 

38 

99 
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38 
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ADJUSTMENT RESULTS OF 3-DIMENSIONAL TRANSFORMATIONS 
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POSITIONAL ACCURACY W.R.T. NATO MAP STANDARDS 


Type 

of 

Trans formation 

Plate 

or 

Model 

1? A A ^ 1 

Control Used 


Control Not Used 

NATO 

r ocax 
Length 
Inches 

Position 
Error 
(meters ) 

Inches at 
1:250000 

% of 
Control 

Position 
Error 
(meters ) 

Inches at 
1:250000 

trr * r 

Cp U JL 

Control 

Map 

Class. 



6 

440 

.069 

72 

1968 

.310 

28 

C 

Similarity 

mjm 

6 

93 

, .015 

79 

519 

.082 

- 

21 

C 

314 

24 

119 

.019 

87 
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.056 

13 

c 
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24 

94 

,015 

79 
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.048 

21 

c 
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6 
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Bi 
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c 
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6 
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.044 

73 
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6 
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88 
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77 
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- 
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88 
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c 

Projectivity 

mm 

6 

33 
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24 
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APPENDIX B.2 


POSITIONAL ACCURACY W.R.T. NATO MAP STANDARDS 


Type 

of 

Transformation 


3-D PATH 
(input - STKl) 


Control Used 


3-D PATH 
(input - STKl) 


Plate Focal 

or Length Position 
Model Inches Error L.nc 


314/315 


314/315 24 


3-D Shut 

(input-A/Plotter) 


314/315 24 


Control Not Used NATO 

Position m Posxtion » t* — ^ j, w Map 

position at % of Error Cliches at % of 

Error 1 . 25 OOOO Control fmeters'l 1 = 250000 Control 
(meters) <.meters j 



Not valid; one point only 


































IDENTIFICATION OF GROUND 
CONTROL POINTS 
INVESTIGATION I 
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Ground co-^ordinates of 







h i = 



Point No . 

E. 

1 

321 245 

2 

308 930 

3 

293 745 

4 

267 625 

5 

286 910 

6 

305 670 

7 

320 645 

8 

327 030 

9 

343 445 

10 

369 840 

11 

375 850 

12 

339 770 

it 13 

354 425 

14 

302 400 

« 15 

324 275 

>e 16 

357 160 

>6 17 

378 795 

18 

394 660 

^ 19 

422 820 

K 20 

397 300 

^ 21 

388 365 

M 22 

362 325 

23 

350 170 

24 

369 005 

« 25 

386 500 

)« 26 

394 340 

^ 27 

393 995 

28 

413 120 

H 29 

419 505 

30 

429 860 

31 

436 680 

32 

459 740 

33 

449 340 

34 

437 270 

35 ' 

419 310 

36 

413 505 

37 

405 650 

38 

418 665 

39 

438 160 

40 

445 600 


r 




U.XU.VOW 


Appendix B. 3-a 


LAB - BAY OF FUIDY 


ffiTRIC ACCURACY TEST 


APS ff^954 552 

selected photo points in O.T.M. Zone 20. 












Point No. 


E. 


N. 


Elev. 


Nap Sht. No. 


41 

42 

43 

44 

45 

46 

47 


463 720 
477 050 
481 320 
494 890 
483 890 
470 635 
434 605 


5 029 665 
4 996 870 
4 981 215 

4 991 960 

5 041 565 
5 068 585 
5 109 225 


14-0 

78 

9o 

\5o 

575 

I *4-0 
33 


11E/6W 

llE/3 

110/14 

llE/3 

IIE/IIE 

11E/14W 

iIL/4 











Diagrammatic Sketch of SKYLAB Photo 314 

SIMILARITY TRAMSFORMATIOK 
9-Point Control Distribution 

(8> - points used on 6’* format 

points used on 24" enlarged format 
points used in both cases 
0- reseau points 






Appendix B.3~b 



:LAB Photo 315 


! ! 

LMATXON ' ; 

ribution 

} ; 

■ 1 

rmat j 


ed 24” format 











Hi 

;h 


Hi 


PROJEGTIVITY TRANSPOR^IATIOM 
9“Point Control Distribution 

points used on 6'* format 
points used on 24’* enlarged format 
points used in both cases 
reseau points 





APPENDIX B.4 


REPORT ON SKYLAB OBSERVATIONS 
PERFORMED BY TH 5 

MAPPING AND CHARTING ESTABLISHMENT 


4 Jul 74 


MAPPING AMD CHARTING IISTABLISIBIENT 
COMPILATION DIVISION 
ASllA SECTION 

NASA SKZLAB PLANIi-rETillC ACOJRACY TEST FOR E:® 


1. Request: An absolute orientation of two C2) Skylab film positives 

and supply the following information and manuscript tc 

Energy, Mines and Resources: 

a. the scale of the model after absolute orientation; 

b. a model point coordinate listing of common points 
observed ; 

c. a listing of reseau intersection coordinates, observed 
monocular ly on each diapositive; 

d. listed differences at model scale of common points 
observed; 

e. a pencil trace of coastal outline (including island at 
"A" sho^m on print) at scale of 1/250,000. 


2, Requested by: Mr A. Sturrock - Dept of Energy, Mines and Resources. 


3. Date of Request: 2 July 1974 


4. Source Information: 

a. Camera Station 5 of Multispectral System S190A. 

b. Calibrated "f" ~ 6” (original format) 

c. Format Size - 70 mm (original) 

d. Flying Height - 425 km (average) 

e. Lens Distortion ** Nil (alleged distortion free) 

f. Size of Reseau - 20 mm (at original format size) 

g. Reseau Origin -• Assume centre intersection is the PP. 

No offset to be applied. 

,../2 


h. Atmospheric Refraction - Nil 


j. Film Dist. Correction - Nil. 

) . Source Material : 

a. Flagged Film Positives 314-315 . .r- 

b. Annotated Prints 314-315 

c. Film clip of Second Generation 70 nm size Biapositives 

d. Ground Horizontal Coords and Map Identities of 
annotated points. Zone 20. 

e. Extracts from Sky lab Data Publications. 


5. 



ASllA Irocedure: 

a. Find Photo Scale, 

b. Record Reseau Intersections Cnonocularly) , 

c. Perform a material evaluation. 

d. Prepare Model Dt. a. 

e. Compute radius of the earth. 

f. Compute enlargement factor and principal distance. 

g. List map derived elevations. 

h. Perform a relative orientation. 

j . Perform an absolute orientation. 

k. Read points and run through a linear adjustment. 

m. Compile shoreline of the Bay of Fundy, 

n. Model Scale after absolute orientation was 1/667167. 

Adjustment Results - with linear terms • • 

X = STD = 36.96 TP'jtres 
y = STD'- 26.8/ metres 
ELV = STD = 1.8.00* or 45.11 metres 


_ 3 - 


8. Remarks! 


a. Photo reproduction of the film positives was poor, 

b. Relative orientation \7as very difficult and some pockets 
of parallax were impossible to remove. I believe a 
Lens Distortion Correction' is needed. 

c. Earth’s radius was introduced it to the ASllA System 
not the Adjustment, 

d. Some water elevations were picked up to aid the 
Vertical Adjustment. It appears that with more vertical 
control, the vertical adjustment improves. 


9, Completion: 4 July 1974 




MENSURATION MATERIAL EV/LUATION - ASHA 


JOB NO. & NAME; USA SKYLAB 


ViOTOC: P or P FRAME PHOTO NOS; 31H 


EVALUATION BY: 5. G. DAtGJTY ( M^C.E. ) 


DATE: 2 / JULY / 1974 


Legend: N - Nil, VP - very poor, P - poor, F - fair, G - good, VG - very good 


PHOTO # 314 


PHOTO // 315 



Reseau FAIR 


P P Density POOR 


Contrast POOR 


F F Features POOR 


Film defects s CRATCHES 


F F F I LM IS TOO DARK 



Reseau FA 1 R 
Density poor 
C ontrast POOR 
Features POOR 


.f^ilm defects s 


FILM IS 


Gen. Definition: FAIR 


Gen. Definition; FAIR 


MODEL; -Jiv- 3*^ 



Percent. Stereo: 95^ 


PHOTO y/ 


PHOTO yy 



Reseau * 

Density 

Contrast 

Features 

Film defects 




Reseau 

Density 

Contrast 

Features 

Film defects 



Remarks : 


FILM REPRODUCT lOM IS THE CAUSE OF SOME AREAS OF POOR 
DEFINITION AND CONTRAST 

REISEAUS ARE NOT CLEAR AND PRONOUNCED* 

SOME CLOUD AREAS* 










1 OF 2 

>IASA SKYLAB PLAN 1 METRIC ACCURACY TEST 
ASHA PLOTTER M.C.E. 

HAP DERIVED ELEVATtOM.i FOR HORtZOHTAL COHTROL 


POINT NUMBER 


ELEVATION IN FEET 


1 

2 

3 

n 

5 

6 

7 

8 
9 

10 

11 

12 

13 

m 

15 

16 

17 

18 

19 

20 
21 
22 
23 
2 U 

25 

26 

27 

28 

29 

30 

31 

32 

33 
3H 

35 

36 

37 

38 
•39 


310 '• 
550 V 
65. 
200 - 
160* 
210 .- 
320- 
645- 
285. 
270. 
5i|5. 
670 
135 

mo. 

5^ 96H‘ 
665. 
700- 
U5 
165- 
325- 
« 630- 
• 295. 

225- 
50- 
475- 
130 
90- 
75-. 
140' 
190- 
470- 
420. 
370- 
123- 
630- 
480' 
45- 
27- 
150 - 


CON W . 


Iv: indidA.VGs. clextaVion 








259 


mtrs 


. 256 mtrs 


E. N. 

32H 275 5 052 370 

U3H 890 4 991 960 

AB= 170615 AN= 60 410 


1 80994.05 

metres 

1s 698 819 


394 660 

4 934 500 

434 605 

5 109 225 

^E= 39 945 

174 725 

179232.88 

metres 


= ''•700 128 


1s 699 473 







HJ 



reis-:au intersection coordinates observed 

MONDCULARLY ON EACH DIAPOS! HVE 



DIAPOSITIVE 31H 


,DIAP0S!T1VE 315 




X 

80.533 

51 

X 

‘ 80.533 


Y 

80.635 


Y 

80.633 

42 

X 

0.008 

52 

X 

0,003 


Y 

80.603 


Y 

80.608 

43 

X 

- 80.487 

53 

X 

- 80.490 


Y 

80.612 


Y 

80.615 

44 

X 

- 80.505 

54 

X 

- 80.515 


Y 

0.025 


Y 

0.028- 

45 

X 

0.000 

55 

X 

0.000 


. Y 

0.000 


Y 

0.000 

-46 

X 

80.550 

56 

X 

80.553 


Y 

0.018 


V 

0.003 

47 

X 

80.590 

57 

X 

80.583 


Y 

- 80.660 


Y 

- 80.670 

48 

X 

0.003 

58 

X 

- 0.007 


Y 

- 80.655 


Y 

- 80.655 

43 

X 

- 80.562 

59 

X 

- 80.577 


Y 

- 80.612 


Y 

- 80.615 




•A' '• 


VmVMUVL'iS)H KOHM - AM ft A 


ixw2rE_piriN(npAL i)imt_wtci5_oi*2 diapomitivf. - iiorm AL p ho tooh a i - \u 

NO'Ci- - FA CTOR A'PPL IPfD ’ 


Job: masa sKYLAa Line: 


VJ-0. Mo. 


Photo::: 31H-315 


FIDUCIALS 


U3 1 


FAiIEl 



I 3 /fr 


Camera type: 
Lens type; 

Lens number: 
Date of calib: 


H7) ■ Cal focal length = 152.U00 mm 


CALIBRATED FIDUC IAL DISTANCSS (m.m.) 

^ ~ ^ HO . 000 «@** ©..HQ* 0 Q-Q 5 ? ^0 ..poo m- 

Averaged Calibrated Distance = U^'oOO ^ 


- 43 40 .000 


OBSERVED FIDUCIAL COORDINATES: 


Plate No. 


I0 x-8P_:.W @x-80..^562 -i- 80 . 590 41 ^ 4-8p_.533 | 

y ..8p_-_§] 2 y -80. . 612 y -80.660 y 8 0.635 . | 

’ ' j 

OBSER'/ED DISTANCES: j 

. ^ I 

4l - ST 16J_:.020 - ,4^ 16 T.295 @ - 161 .152 49 - 43- 161 .224 j 

i 

Ave rag ed Ob Kar ved JDist'ance = ^ 3 ^ 1727 i 

- - - j_ ; j 


161 o 1758 

niWilGFTF'}-!’ 7.'»CTCa A-/ERAG SD 0 B 3 SR^/ED DISTA NCES r, 4.0293 

enoosures used) AVERAGED CA.LIBRATED DIST.ANCES 

40,0000 

FftlNCIPAL BTcTAKC3 ^ CAL. JW-L LIirGTH X S.?. » 


614.653 

* A 


Computed ly; G, O . OAU t 1 T TChecked by:. 


Bate: 2/ JULY / 74 


ORIGMiiL MGE IS 
©E POOR 






inn':t’Ai{ATiori koum - a.':ii a 

OOMiniTK __1 j IINC II’A L„1 ) lI’ ANC Ob’ A I’O: iTT IVE_ _-J 10 Or ( Oon t « ' 1 ) 

OP;>ERVED ]-^I DUC IAL COOlpIMATES: Plate Ho.: 3^5 

@ “ ^ @ 8 0-577 @ - X f 80 ■ 583 ** ^ + 80. j_533 

y ji3p:.615 ‘ y- 80 .615 y -80 . 670 ^ l8p_._633 

CnSERVED O ISTAHC ES: 

# _ Q 161.023 |j .. g 161 .303 g - 5J 161 . 160 - 53 161. 23C 


AVERAGED OBSERVED DISTANCE = F' 




ASItA PJlEPAflATlOW 


C L S 5 ; F I E O ? Y&s/mo 


odcks^ 314 J- 315 




Check lyj:>e of Woi'k Recjuiremcn!' > ProducHon ^ Trainln3 9 / Eiiad^4tt/3-^Oii5Kv|>iiai 


PHoroSRAPWYo ' . 


Tvj|Da:i 


FRAME 


C.F.L. : 614..653 mm^ Pl.l-lK 1 KM l^h H-h':, 


COAVPUTE < 5 £A 1 ^ IZATIQS. , ’ . • ' 

PhoFo f^r^nlrr: : - 1 ! 6^9473 

Pohio * Phol*o Scale yMahuscnp Scalc^^ 
Cl CSCS I' iished Rahio fVom Gear Tobies 


Rac|u*ircd AXana Scale • 
- 1 : 2*'798 

“ i • 2.666 


250000 


/V\oc'c{ Scale flo be used = Menu. S cqIqk lished RoHo - ._t. : . 

GCQr5 lb btt used pLOTTgfZ Co-QgQIMATOG RAPH 





CQ/ZiPUTE CONVERSION' FACTOIDS AT MODEU SCAL E OF 1 : ^OQ 

1 ^ Scaic dano mmat'ov*y^»looo — I 666 1 > 5 maVms. A RAPIC 

r Ax 5. 2908333 = • 2186,675 B ^ 

lfc. = 1 /S_ ■ ■= |c I e= _; 


666,5 

malms. 

A 

radius of EaFlhO-)of' Seal 

2186,675 

1-aah 

B 

6 370 000 




Scale Denonrttn a^or 



c 

R= 9560 


nA 4..Rj..Ty. 







bi^ kt^’ 


AS11A PRiePAF^ATlOW ~ GROUND CONTROL 


"iLJ,^;jpH Il' 7 'I 

2 2 

. j * — ^ ^ 

Class 1 1- 1 rz d ? Y-^ £ / i ' oj 


Jol.:![ 


ASA SKVLAD 


2oncL 


• yV\od<2.l 1 * 666500^ 


CO.'APUTE :~ ground CONT. TO MODEL SCALE 


Hor: Ground Co-ord/A = Modcai Co-ord. Vcr^ : a.) Elcv. in Ph/3.2so8333 hfcv. in nichre; 

. * • . . ^ L} Eicv. in rnQhraayA - Model- £fcv. in m,m. 





model diff. 
EASTING FRO/v\REF. 


MOUEU DIFF. 

NORTHING NORTHING FROM EEF. 


324 275 


386 500 


388 365 


486.534- - 96.159 5 052 370 


579.895 . - 2.798 5 087 370 


7580.450 F 69. 850 


7632.963 




582,693 


o.ooq 5 005 815 


7510.600 


0,000 


U14.78ti 

475 FT ,-217 -.071 


•192.02(1 

630 FT .288 ,000 



563,916 - 18.777 4 954 175 


7433.121 -77,479 



31 ! 436 680 























































Cl.-jssi tied: o 


SHUTDOWN - ASHA INSTRUMINT IU-:AIJINGS 


* Job: H& c;a c;kvi t r * Line: * Model: (L) U (H) 

After; C ) Interior (^) Relative ( ) P.A.C. ( ) F.A.O, 

Focal Length: 614,653 Earth Curv. Factor: q560 Base Cx) C ) oi^t 

Modal Point < : 

Xf. Jz : — ! — S 2 3 , - 2] DUMP PT. 

Ym . .7, 5, 5,0. e 0 19 

^ ^ 314 315 

Em - ■ ,0.0 5. 0. ; 1 


Photo Point 

Xi A . .5 2,8.2. 5, 

Photo No. 


31 1 j 4 !o!o' 

iij 


bx, 

I i" 


I ioiololoj 

22 2 6 

l-i s! lUl el si si 

Ki ,0.0, 0,0,0, 

Wi .0.0.0.00 

0 , ,- 4 . , 0 , 0 . 0 , 0 . 0 . 


sketch of Shutdoim Point 

^2 . 4 . 5 , 6 , 3 , 0 . 

Y? i~- , . 8 * 7 . 4 , 0 . 


ORIENTATION ELEMENTS 


2 I CARD #1 


Photo No. 

1 7 

; j ^ , 

i i 3’1i5!0[0! 

8 1 !( 


2 ^ 

IS 

by 2 -h, 


2 1 CAPJ) ^2 


1 ;I 'S'iSl 


i-^iS; I’! 2 ! 9 ! 7 l 3 i 

Kz , 0 . 0 . 0 . 0 . 9 . 

W2 . 0 , 0 , 0 1 , 0 . 

0r> 0,1. 5.4, .8, 


Operators Remarks 


hrs mins 


Final Residual Y Parallax 



Final Iteration No, 


Note: Items marked with asterisks must also be recorded on the Shutdown Tape. 

* Operator; g « G , ' DA LG > T Y Date; 4/7/74 












r; 1 nss i f Ictl ; -Vts/ Mo 


SHUTDOWN “ AS] LA INSTRUfiKN ’’ UI-IADINGS 


Job: MASA SKYLA3 * Line: 


Model: (L) 314 (R) 31^ 


After: ( ) Interior { ) Relative ( jO P.A.O. ( ) F.A.O. 


Focal Length: 


Earth Curv. Factor: 


Base (v) in ( ) out 


Model Point 


AIT. T . ■ .2 -.9 ,7 .0. 

Ym - ■ . .7,9 ,1 ,5. 

Em ■ ,0.0 0.8. 

Photo Point 

Xi . 4 -. ,Q. 

V, _ 7.5 5 0 


21 DUMP PT. 


Sketch of Shutdown Point 


4 5.6 2 0 


8.7 4 0 


Photo No. 


ORIENTATION ELEMENTS 


Photo No. 


I | 3 |ll^ 0 jd 

a V* 

. j-i Islslebio^ 

15 2 I 

l-j j- i3lo|5'5j 


CARD //I 


3 1 5:0;0 


^^2 -h! '3'9J ?6‘i5i 


=>2 _ 


1 :8 H 21 


cAPj) n 


=1 + 6 4 3;0 9 5 


i-fie ;4!3 -5 lo jo! 


Kj .-V-. .0,0. 0.0,0. 

Wi . 0 , 2 . 7 . 2 . 0 . 

0 , . .1 . 1 .8 .0 0 . 


^2 ,4. 0.0.00.9. 

Wa .i-. 0.2.7 3.0. 

0, 1 *0.2.5 3, 


Operators Remarks 


Final Residual Y Parallax 


Completion Time: 



Final Iteration No* 


Note; Items marked with asterisks must also be recorded on the Shutdo™ Tape 


* Operator 


, DALGfTY 











1. 

riAGOIlAL IJJ. 1 


C027TR0L AT 1: 666'500 


ASSOLtlTE OP.ISilTATIOTf - SGALTwa 
NASA SKYLAB test 


SCAIS WJDliL AT Ir 



Mo6e .i 31 U-Sl 5 


SCATS 1 B (gp.:jd) 


ID I Mifirons 1 Ye. Microns I 2c Microns t Xm Microns 1 Ym Microns I Bn Microi 


ic - 2n 


■96. 15P 


50 


u 45 


?4.S 



■_56.J3?5J 94^95 


46.998 - 87. 995 L .958 


103.323 I 182.248 1 .185 


COOTSOL DISTAJTCS 


208.5 


ACTOR TO, 1 


DIiiTO>IAL 2T0 , 2 1 


+ Y- + B- 


209,51099. 


™ 209-49943 


MQDBL DI5TAITC3 = ITj = + Y^ + 

MD = 209.49 943 

■ = 1 . 00005 . . 


C02TR01 AT 1: B6 6500 


ID Xc Microns! Yc Microns 


1 1 i -18.777 I - 77.479 


25 - 2.798 t 122.363 


1.57 





KOPBL AT 1 


Cm Microns 


-45,765 - 71.127 


50.123 104.948 


- 95-888 I -176.075 






OOI1TRQL PISTP.TCB = CP = + e| HOTEL PISTARCB ^ MD = 


CP = 


MP = 


BitfiatiBii 


SCALES FACTOR KU. 2 = CP a 201 .00325 s 


MD 200,4917 

• A73RAGE HOISL SGAIS - 1; 1.001 


2. -FIKAL SCALING FECCBPliRE 

STEP 110. 1 Select the Model Diagonal which is closest to the desired scale 
STEP MO. 2 Multiply the scale factor times hs, hy, and hz. 



1 

j 

(Scaled hs), 

1 t 

iCbsj^} (Scaled hz) 

* 1 

! 

1 1 



(Corrected hyg) 


(dz) (Scale P?.ctor)j j (Scaled ■bz)||(T:7-j^) (Scaled hz)j (Corrected "bZg) 


STEP HO. Enter the corrected hx 2 > "by2* °^2 '^^-I'^.^s* 

STEP KO, h Read and punch selected model diagonal point coordinates and verify the 
desired scale. 


Pt #1 

\ 



Pt #1 

IP 

AZ 

ft 

Pt #2 

m 

Az 

ft 

Pt #3 

w 

AZ 

^ft 

Pt 

w 

Az 

^ft 


ft f bPRPJiCi^RS R3MAHX5 


Pt 


Pt #2 


f ni r*/^l ta- «4- ^ , 


OmeZNAL PAG® Ig 
OF POOR QUALITY 

OPHRATOR; G»G. DALGITY 


PATS; 

























































APPENDIX C 


TO 

"INVESTIGATION OF SELECTED IMAGERY FROM 
3KYLAB/EREP S190 PHOTOGRAPHIC SYSTEM" 

APPENDICES RELATED TO 
INVESTIGATION II 


T OP 0 GRAPHICAL SURVEY D IRECTORATE 
DEPARTJIENT OF ENERGY* MINES AND RESOURCES 

CANADA 












APPENDIX C.2 


ACCURACY’ OP E2LA,ir: 2 OHISSITATIOH 


Roll 

Type 



Ron 

46 

Colour 


Roll 

23 

B fe R 


V"*- 


;>5odel 

‘ lio. of 

opy 

Max Vpy 

number 

Points 

in 1321 

in 

3123 

51 

0,609 

0.024 

$134 

54 

• 0.010 

0.031 

314-5 

71 

0.011 

o.oUl 

3156 

95 

0.009 

0'.022 

3123 

51 

0.013 

O'. 029 

3134 

54 

0.012 

0.031 

3145 

74 

o.on 

i 

0.032 

3156 

96 

0.010 

0.024 

1834 

20 

0.010 

0,024 

1845 

4 l 

o.oli 

6.027 

1856 

43 

■V . * . 

0.008 

0.017 

1490 

42 

0.012 

0.029 

1501 

49 ■ 

o.pn 

0.025 

1512 

47 

0.610 

0.020 

1523 

35 

0.009 

0.021 ‘ 


Ihe last two digits of the nodel numbers indicate tae xwo irar 
used to form’ the model; opjr = standard error of the in' 
of corresponding rays ; Max Vpy = maximum value of res 


Boll 

83 

Colour 


H* 






APPENDIX C.3 


HOOT !'2A2I SQU.AH3 ERROB OF DISCREPMCIES AT 


CHECK POINTS 



Roll 

47 

B & ¥ 


Roll 

23 

B & ¥ 


Strip 

Strip 

31U5 

3156 


^ ^ Strio 

Eoll 

k 6 31U5 

Colour 


Roll 

83 

Colour 


Strip 

I8U5 

185^ 


Strip 

1490 

1501 

1512 

1523 


Ho. of 

Control 

Points 


Ho . of 
Check 


Check 

Points 

Rejected 


Groiad Scale jTTiage Scal e 
pX I pT px 


49.4 

W.9 

44.0 



63.2 

67.8 

82.0 

77.1 


0.018 

0.017 

0.016 

0.015 


0.023 

0.024 

0.030 

0.023 




35.9 

35.6 

35.3 


19.1 

22.3 

19.9 

26.8 

29.8 


83.6 


65.2 




34.7 


28.5 

15.9 

22.8 

19.8 
24.1 


0.020 


0.012 


0.012 


0.020 

0.023 

0.021 


0.031 


0.024 


0.012 


0.012 0.016 


0.012 


0.030 

0.017 

0.024 


0.028 0.021 


0.025 


















tExi] OTf - lAJ i! 


Roll' 

Type 

1 

Model 

RMS,E Model Points 

‘ t 

F 5 .tting Accui’acy. 

No. of 

Model 

Points 

Ground Seale 

■ Imapce Scale 

Nd. of 

Ground Scale 

lina/xc Scale 

IJX 

in m 

UY 

in ram 

jjggil 

Voc 

•’in mm 

vy 

in Ttiin 

a 

in rara 


1111111^9 

mm 

m 

yPxc 
in' ‘mm 

jiPy 
in mm 


Strip 

m 

23.1 

25. G 

36.9 

0.008 



43 

35.1 

29.0 

0.013 

0.010 

Roll 

liT 

Strip 


l 6 r 3 

20.1 

2T.9 

0.006 


0.010 

9 

IT, 4 

22.2 



B&V/ 

3145 

mm 

6.0 

10.2 

18.3 

0,003 



4 

6.0 

10,2 

0.003 

0.004 


315 ^ 

■ 

21.6 

5 .T 

31.6 

0,008 

' 


o.on 

4 

21.6 

5.T 

t 

0.008 

0.002 

Roll 

Strip 

113 


36 . T 

50.1 

0,010 

0.014 

0.018 

9 

29. T 

34.6 

0.011 

0.012 

46 - 

3145 

4 


23.1 

51.4 

0.010 


0.019 

4 

28.1 

23.1 

0.010 

0.008 

Coloui 

3156 

4 

l 4 -,l 

19.8 

34.4 

0.005 


0 . 012 - 

4 

l 4 .l 

19.8 

0.005 

O.OOT 

Roll 

Strip 

32 

13.6 

10.4 

21.2 

0.005 


O.OOT 

6 

18.6 

18.4 

mm 

0.006 1 

33 ' 

1845 

4 

15.4 

IT. 3 

32.8 

0.005 


0.011 

4 

15.4 

17.3 


0.006 

Bm ■ 

1856 

1 

4 

12.6 

6.2 

19.5 ’ 

0.004 


O.OOT 

4 . 

12.6 

6.2 

'i 

D 

0.002 


Strip 

83 

T.l 

8.2 

12.9 

O.OOT 

0.009 

0,013 

9 

12.0 . 

15.2 


0,016 

Roll 

83 

1490 

4 

4.9 

9.4 

: 15 '. 0 

■ 

0.005 

0,010 

0.016 

4 

4,9 

0 li 


0.010 

Colour 

1501 

4 

6.0 

9.1 

15.4 

0.006 

0.009 

0.016 

4 

6 . 0 - 

9.1 




1512 

4 

5.0 

8.2 

13.6 

0.005 

0.009 

0.014 

4 

5.0 

8.2 


WEm\ 


1523 1 

4 

1 

11.1 

13.6 

24.8 

0.012 

0.014 

0.026 



13.6 


0.014 


Hotel} }|X, ]iY " root 111 ( 3011 . sc{,uare error of all model points j 

= standard deviation of imit weight of the adjustment; 
jiT'X, \i?Y = root, imian snutu’c errox' of the ground contx’ol poi’.ts, 
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II-4 Correction for Systematic Errors of :hc ImaRc Coordinates 

One of the advantages of analytical 23hotogrammetry is the possibility of 
correcting for systematic image errors. The film deformation correcticn will 
be discussed in Section II-4-a. For the lens distorsion correction, a new 
method was tested and used. This method will be.explained in Section II-4-b. 
An explanation for a refraction correction being ansignificant for SKYI.AB 
photography, as well as the algorithm used for the refraction correction of 
H.A, photography will be given in Section II-4-c. 

II-4-a Film Deformation 

The causes and the correction of film deformation have been 
studied by many authors; see for exaimple Keller CH)j Ziemann (23, 243, 

Vlcek (223 and Tewinkel (203 • After a careful- review of previous investi- 
gations, the following polynomial was used to correct for film deformation: 

XF = Xjn + ai + a£x + + a^xy t a5x^.+ f aex^y 

(2-13 

yp = Xm 1*1 + b2x + bay + b 4 xy + bsx^ + ^ey^ b?xy^ + bsxV 

' vjhere, 

XF> yp are the photo coordinates after film deformation correction, 

xm» Xm are the measured photo coordinates, and 

a.j, ag, bj, bg are the sixteen polynomial coefficients 

■ to be determined- 

Fo^ the SKVIAB photography, the nine reseau marks yield 
eighteen equations. A computer program, FILMDEFO, was written to use a 
least squares technique for determining the coefficients, and, afterwards, 
to compute the corrected coordinates xp, yp for any given point whose 
measured coordinates are Xm, ym* From the output of the program, it was 
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found that tro to three iterations were njccssary to determine the coeffi- 
cients. The variance of the unit weight after adjustment ranges from 
106.1 v^to 0.1 p^^with an average of 8.7 ]? , Table 2.2 gives the variances 
of the unit ^feight for various SKYIAB photographs as they were obtained from 
the output using the FILMDEFO program. 

f 

For the H.A. photography, it y/as felt, in view of the type 
of film used (Aerochrome Infrared 2143), that the film deformation is 
larger and more significant. Unfortunately, no reseau marks are available 
and the. eight fiducial marks had to be used. If the polynomial given by 
Equation 2.1 is used, then, this would give sixteen equations to determine 
sixteen unknown coefficients. It was thought that eventually another type 
of polynomial would fit better the film deformation of the H.A. photography. 
For this reason the following two polynomials were also used and tested 
against the one given by ^^uation C2-1). 

XF = Xm + ai + aax + asy + 34x7 + agx^ + agy^ 

C2.2) 

yp " /m + ti) + bax t bay + b 4 xy + bsx^ + bey^ 

XF = Xm + aj + a2X '+ 337 + 34x7 

(2.3) 

yp “ ym + bi + bgx + b 37 + b 4 xy 

where 

XF» yFi X , y , and a-,... a,, b. be have the same meaning 
as defined for Equation (2. 1) . 

Table 2.3 gives the variances of unit weight for each H.A. 
photograph using Polynomials (2.2) and the Variances of unit weight range 
from ±194 to ±54 and are slightly larger for Polynomial (2.2). 



Table 2.2 - Variances of unit we: 
deformation j IS equatit 
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The corrected coordinates xp, yp for all points measured on the photographs, 
using either P<jlynomial (2.2) or Polynomial (2. 3), were compared with the 
ones using Pol;/nomial (2.1). Table 2.4 shows the standard residual errors 
resulting from this comparison and for eac- H.A. photography. • It can 
be seen from this table that the maximum and minimum differences are 10.5 u, 
and 1.4 u respectively, while the average is about 4 y. Based on this 
analysis, it can be concluded that Polynomial 2.2 yields a better approdma- 
tion for the film deformation of the H.A, photography than Polynomial 2.3. 
Also, it ^becomes evident that the values xp, yp, calculated from Polynomial 
2,2 are more close to the ones calculated by using Polynomial 2.1 when com- 
pared with those calculated using Polynomial 2.3. 

As a consequence of this analysis and based on previous 
investigations, it was decided to use Polynomial 2.1 for the correction of 
the film deformation. 

II-4-b Lens Distortion 

The SKYLAB S-190A camera design requirement for the image 
matching of point sets at each image angle 0 (26) was that, when using the 
six lenses, the image points would be within an ellipse of dimensions 2O-tan0-y 
tangentially by 10 y radially. The lens distortion match test was performed 
by ITEIC Corporation, Lexington, Mass. The r.esults of this test are given in 
(26) and were available to the author. In the test, the readings were taken 
every 2° off-axis along four diameters. This gives a total of 48 readings 
as shown in Figure 2.1. In view of the good quality of the SKYLAB camera 
lenses and of the small image size (7x7 cm), it was decided to correct 
the lens distortion for all image coordinates, . After a review of some of 
the publications which discuss the lens distortion and its correction 



No. of 

Standard 

residual errors (u) 

Absolute amounts of 

photograph 



maximum residu.als (m 


12 coeff. 

8. coeff. 

12 coeff. 8 coeff 


15188 

15189 

15190 

15191 

15192 

15193 

25181 

25182 

25183 

25184 

25185 

25186 

35175 

35176 

35177 

35178 

35179 

35180 
45169 
35170 
45171 
45172 . 

45173 

45174 


4.5 

7. 

7. 
S. 
9, 

8 . 
9. 
8 . 
9. 


±9.0 ±1£.7 

12.7 16.2 

9.5 11.2 

7.0 10.6 

7.3 15.0 

10.3 20.1 

11.2 16.8 

6.4 19.9 

9.9 11.4 

7.5 15.0 

8.5 10.8 

6.1 13.8 

10.8 13,3 

9.4 16.9 


7.4 

11.1 

.8.4 

8.3 

8.1 

11.8 

12.9 

13.1 

11.5 

15.8 

9.8 

11.7 

9.8 

14.2 

Q 1 

Q t 


8.8 16.5 


13.9 

25.0 

21.9 

27.0 

20.3 

19. S 

13.9 

13.9 

13.7 

21.7 

20.3 

27.0 

21.9 

21.3 

19.3 

28.7 

24.5 

22.1 

22.8 

22.2 

19.7 

18.8 

9.2 

19.9 

21.3 

22,9 

21.5 

30.5 


19.9 

20,8 

15.8 

16.7 

16.3 

22.6 

24.6 

20.1 

27.8 

27.5 

19.3 

19.4 

24.4 

25.9 

20.0 

17.1 

16.7 

25.6 


Average 


'.7 2.0 


9.1 14.0 


Table 2.4 - 


Standard residual errors and maxiniuni residuals, film defer 
mation for H. A. -photography (correction with 16 coeff. - c 
xection with either 12 or 8 coeff. 1 
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(5, 6, 10, ]1, 14, 22 ); it could be concluded that the two polynomials given 


by Equations 2.4 were the most frequently used to correct for the lens distortion 
The difference between the various approaches consists* of the numbers of coef- 
ficients used. If Ar and At were assumed to be the corrections for the 
coordinates due to lens distortion in radial and tangential directions 


respectively, then 

At = ajx + a2r^ + -h a4r^ + asr^sin 8 + agr^cos 6 (2.4) 

At = bjr^sin 8 + b2r^cos 8 


where 

ai» a 2 ...ae, b^, b 2 are the polynomials’ coefficients 

to be determined 

r is the radial distance from the principal point, and can be 
expressed as: ' 

r = + y^ " 

where 

X and y are the photo coordinates. 

The conventional method for the determination of the coeffi- 
cients uses all distortion measurements over the whole format as one 
entity and the least squares* techniques is tised for the* solution. It 
was thought by the author that eventually by dividing the format into various 
sones, and by determining the coefficients for each zone separate’ly, would 
produce more reliable values for the coefficients. Consequently, each 
SKYIAB photograph was divided into 8 zones as shoi'/n in Figure 2.1. The 
coefficients for each zone were determined from the points on the straight 
lines surrounding the zone in question. 


A computer program, LENSCOFF, was written using a least | 

i 

I 
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squares adjustnent, to compute the polynom: al coefficients. The data for 
the three lenses Nos. 4 , 5 and 6 (mentioned as Stations 4, S and 6 in Tables 
2,5 to 2,8) of the Multi -Spectral Photographic Camera (NJPC) S-190A was 
analysed. Table 2.5 shows the variance of unit weight (mQ) as obtained 

by the LENSCOEF program for both radial and tangential distortions using a 
single zone only. Although mo is small, and indicates that the coefficients 
will yield a sufficient accuracy, the coefficient's were also determined for 
the case of dividing the entire format into eight zones. Tables 2.6, 2.7 
and 2.8 show the mo's for the eight zones, using six and four radial 
and two tangential coefficients. 

The H.A. photography was taken with a Wild RC-10 camera. 

The calibration report (27) was prepared by the U.S. Geological Survey, and 
was available' to the author. Twenty-four readings along four radii, as 
shown in Figure 2.2, were given for the I'adial distortion. The same pro- 
cedure as for the SKYLAB photography was applied- All readings were used 
as an entity, the format was divided into four separate zones (as shoiim in 
Figure 2.2) and the polynomial coefficients were determined in both cases. 
Tables 2.9 and 2.10 show the mo-values, as obtained from the LENSCOEF 
program, for various numbers of coefficients and dividing the format into 
one and four zones, respectively. 

Considering Tables 2.5 to 2.6, it can be concluded that: 

1) SKYLAB photography: although the use of' a single zone covering the 
entire format produced a satisfactory accuracy, the division of the 
format into eight zones reduced mo by one magnitude, and by SO per cent 
when six and four radial coefficients were determined, respectively; 
for the tangential coefficients, mo was reduced by about two 
magnitudes. 


48 

6 

0.4 

0.8 

0.1 

Radial dis 






tcrtion 


4 

0.7 

’ 

0.7 



3 

' * 0.6 

1.5 

0.7 


• 

2 

0.6 

1.5 

0.7 • 



1 

0.6 

l.S 

0.8 



2 

0.20 

0.04 

0.6 

Tangential 



• 



distortion 

* Station No.: 

refers 

to the positions 

of the MPC 

lens .as shovm 

in Fig. 1-1 


Table 2,5 - Variances of unit weights fSKYLAE photography and tangential 
lens distortion, various numbers of coefficients, use of only 
- one zone for' the entire format) . 




Average 


0.06 


0.06 


0.04 


* Station No.; refers to the positions of MFC lens as shown in Fig. 1-1 


Table 2.6 - Variances of unit weights (SKYLAB photography radial lens 

distortion, six coefficients, 
format, divided into eight zones) . 




22 . 


Number o£ 
equations 

Number of 
coefficients 

No. of . 
zones 

Variance 

of unit weight 

* * o 

in 

Station 4*-*’ 

Station 5 

Station 6 

12 

4 

1 

1.08 

1.51 

0.02 



2 

0.18 

0.60 

o 

■ 

o 



3 

0.07 

0.29 

0.30 



4 

0.32 

0.68 

0.14 



5 

0.89 

1.85 

0.0.9 



6 

0.07 

0.35 

0.07 


• 

7 

0.08 

0.31 

0.33 



8 

0.40 • 

0.73 

0. 05 

Average 

■ 


0.39 

0.79 

0.13 


* Station No.: refers to the positions of the MFC lens as shovm in Fig. 1-1 


Table 2.7 -Variances of unit weights (SKYLAB photography radial lens 
distortion, four coefficients, format divided into 

eight zones}. 


Average 


0.004 


0.004 


0 . 00 ! 


* Station No.; refers to the positions of the MPC lens as shown in 
Fig. 1-1 


Table 2.8 - Variances of unit weights (SK^'^LAB photography tangential lens 
distortion, two coefficients, forjnat divided into 
' eight zones). 










Number of 
equations 


6 coeff. 


1 coeff 


• 24 

Table 2. 


Variance of unit weight in ]s^ 

4 coeff. 3 coeff. 2 coeff. 


13.3 • 14.5 14.0 - 15.4 . • 16.3 


- Variance of unit weight (H.A. radial lens distortion, various 
numbers of coefficients, format with only one zone. 
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Number of 
equations 

No. of 
zone 


Variance 

of. unit weight in 




6 coelf. 

4 coeff. 

3 coeff. 

2 coeff. 

1 coeff, 

12 

1 

1.1 

20.8 

18.5 

‘ 18.3 

19.0 


2 

2.5 

6.1 

5.6 

7.2 

9.1 


3 

3.2 

10.2 

9.7 

11.6 

11.6 

* 

4 

1.3 

28.1 

25.2 

24.9 

23.6 

Average 


2.0 

16.3 

14.8 ■ 

15.5 

15.8 


Table 2.10 - Variances of unit weights (H.A. photography radial lens 
distortion, various numbers of coefficients, format 
divided into four zones) . 
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2) H.A. photcgraphy: In case that four or less radial coefficients were 

determined, a slight change in mo was observed, and when the format 
was covered by one and four zones, respectively; however, when using 
six coefficients mo became significantly smaller when dividing the 
format into four zones. 

By considering the abo\e analysis, all SKYLAB and H.A. photo- 
graphs were corrected for lens distortion using six coefficients and by 
dividing the format into eight and four zones, respectively* ^ computer 
program LDISCORR, was written to read the coordinates of a point, determine 
its zone and apply the corrections by using the appropriate coefficients. 


II-4-C Refraction 


IVheri an optical ‘ray travels in space, it crosses two different 
regions of the atmosphere: the ’troposphere, extending upwords to about 30 hm, 
and the ionosphere, ext-ending from* about 30 to 400 km. In photogrammetry, it 
can be safely assumed that there is no refraction in the ionosphere region. 
Vlcek (22) and Schut (18) investigated the refraction correction for photo- 
grarametric measurements, considering various weather conditions, 

• the earth curvature, the ground heights and the tilt of the camera. Based 
on the above publications, the refraction correction Ar at any radial dis- 
tance r for near vertical photographs taken in the troposphere region can be 
given by: 

Ar = (f • Aa/ cos^a) • tan ct C2»5) 


where 


£ is the focal length of the camera, 
a is the angle between the optical ray and the nadir 
direction, at the exposure station 



Ao is the angle between the theoretical straight ray pa- h 
and the tangent to the actual ray path at the exposut'e 
station and can be given by the following formula: 


where 


Aa = G 


2410 H 

H2 - 6H 250 


2410 h ,q“6 

h - 6h 250 * H-' 


C2.b^ 


H is the flight altitude above sea level in kra 
h is the ground elevation above sea level in km 


Since the H.A. photographs ’were taken at an altitude of about 
20 km, the image coordinates of these photographs were corrected using this 
formula. 


For SKYLAB photography the refraction correction is not 
significant as follows from the following derivation: 

Assuming that (see Figure 2.3): 

Hi is the upper limit of' the troposphere region being about 30 km 

Hs is the altitude of the SKYLAB camera (435 km), 

®Ij ttS angles between the theoretical ray paths and the 

nadir directions, for photographs taken at altitudes Hi 
and Hs, respectively, 

Aoi, Aas are the angles between the theoretical straight ray paths and 
the tangents to the actual ray paths at the exposure station, 
for photographs -taken at heights Hi, and Hg, respectively. 


From Figure 2.3 follows: 


i 





and 




sin sin Aaj 
Rs _ X 

u „ ^ 

sin ^ sin Aos 
cos ai = ^ 


cos as 


_ Ha 
: Rs 


I?rom Equations 2.7 and 2.8 one obtains: 


30 

(2.7) 

( 2 . 8 ) 

(2.9) 

( 2 . 10 ) 


Rt _ sin Aas 
Rs ~ sin Aax 

and from Equations 2.9 and 2.10: 


( 2 . 11 ) 


Ra ^ c os -sa . Ha ‘ (2.12) 

Rl cos as Hi 

Since Aas, Aaj are very small angles, and since aj and as v;ill not exceed 
110 ^ it follows from Equations 2.11 and 2.12 ^ 

Hl«^ . ■ (2.13) 

Hs Aa-i 

By using Equation 2.6, and assuming that: 

H = Hj = 30 Ion, Hs ~ 435 km 
h = 0.2 km 
£ = 152.0 mm 
a = ai = «s = 10° 

One obtains: A ai = 13.14 • 10- radians 

and from Equation 2. 13 ; .. • * 

_6 

Aos = 0.928 • 10 radians 
and from Equation 2.5: 

Ars 0.15 y 

This amount is not significant, if one consideis -the accuracy for the 
measurements of the photo coordinates is not better tlian ± 1 y. 








APPENDIX D.2- 


No., of the Model, 
in the strip 



Above strips 
combined 


No. of 
. roll 

No. of 
points 

a 

m 

23 

124 

■ ±34.6 

24 

128 

32.65 

1 

23’ i 

124 

34.5 

24 

128 

32.8 



104.5 


46.1 

47.7 


157.6 

103.6 


Standard deviations for a separate adjustment of each SKYLAB 
roll and for an adjustment of both rolls combined. 


APPENDIX D.2-b 



■ No. of the Model 

No. of 

0 

* 


in the strip 

roll 

points 

X 

m 

1 

23 

84 

±28,1 


24 

77 

37.2 

2 

23. 

118 

32,5 


24 

115 

31.5 

1 

• 1 

3 

23 

127 

34.45 

‘ 

24 

132 

32.8 



194.5 

112.0 


45.5 

44.9 


180.5 

107.3 


47.7 


157.6 

103-6 



Standard deviations after adjustment of one, too, and three 

SKYhAB models. 












































APPENDIX D.2-C 


No. of the 
strip 

No, of models 
per strip 

No. of 
points 

M 

in 

u 

1 

6 

29 

±8.25 

.±15.3 

±5.41 

2 

6 

37 


17, 7Q 

4.21 

3 

6 

35 

9.69 ^ 

14.41 

■ 

7.H8 

4 

6 

39 

9.91 

9.39 

6.56 

1 

6 

29 

7.14 

i 

7.37 

3.34 

2 

6 

37 

9.41 

17.68 

4.22 

3 

,6 

35 

10.02 

23.52 

6.98 

4 

6 

39 

9.65 

9.16 

6.48 


' Standard deviations for a separate adjustment of each 
strip and for an adjustment of all four strips com- 
bined - H,A. photography. 



APPENDIX D.2~d 


Type of 
photography 

No. of 
points 

m 

> 

a 

z 

m 

Remarks 

H.A. strip 1 

29 

±7.14 

±7.37' 

±3.34 

one H.A. strip and 

S.K. roll 23 

84 

28.54 

41.88 

192.88 1 

two SKYLAB rolls 

S.K. roll 24 

4 

u 

77 

32.07 

39.72 

112.01 

(one model each) . 



H,A Strip 1 
H.A, strip 2 
S.K. roll 23 
S.K. roll 24 


H.A. strip 1 
H.A, strip 2 
H.A,; strip 3 
S.K. roll 23 
S.K. roll 24 



7,14 

9.72 

28.54 

32.07 


7.14 

9,65 

9.52 

28,54 

32.07 


7.37 

17.46 

41,88 

39.72 


7.37 

17.48 

14.20 

41.88 

39.72 


5.34 

4,15 

192,88 

112.01 


3.34 

4.17 

7.06 

192.88 

112.01 


two H.A. strips and 
two SKYLAB roll 
(one model each) ^ 


three H.A. strips and 

i 

two SKYLAB rolls 
(one model each). 


H.A. strip 1 

29 

7.14 

7.37 

3.34 

. 

four H.A, strips and 

H.A. strip 2 

38 

9.67 

17.50 

4.17 

two SKYLAB rolls 

H.A. strip 5 

34 

, 9.57 

14.19 

7.08 

(one model each) 

H.A. strip 4 

39 

9.66 

9.17 

6.48 

- 

S.K. roll 23 

84 

28.54 

41.88 

192.88 


S'.K. roll 24 

77 

32.07 

39.72 

112.01 



Standard deviations for the adjustment of various numbers 
of H.A. photography strips combined with both SKYLAB 

photography rolls. 
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Type of 
photography 

Number of 
control points 

No. of 
points 

a 

X 

cr 

y 

m 

a 

z 

m 

S.K. roll 22 

12 

57 

±38.00 

±44.79 

±670.75 

S.K. roll It 

CSase 1) 

50 

35.31 

40.93 

232.45 

S*Ka xolX 

22 

57 

. .-:24.90 

40.05 

151.28 

S.K. roll 24 

cease' 23 

50 

28.73 

32.65 

151.90 

H.A. strip 

26 

18* 

10.1 

9.3 

6.8 

H.A. strip 2 


24 

10.2 

13.8 

6.4 

H.A. strip 3 


20 

10.6 

18.0 

11.4 

H.A. strip 4 

(case 3) 

23 

11.9 

10.7 

8.7 

H.A. strip 1 

12 points S.K. 

18 

12.23 

20.27 

64.55 

H.A. strip 2 

22 points H.A. 

24 

17.55 

20.20 

88. S9 

H.A. strip 3 

14 common points 

20 

13.80 

19.07 

58.02 

• H.A. strip 4 


23 

14.29 

15.49 

70.89 

S.K. roll 23 


57 

20.09 

37.21 

128.55 

S.K. roll 24 

(Case 4) 

50 

28.98 

31.03 

134.39 

H.A. strip 1 

12 points S.K. 

13 

12.54 

22.81 

61.99 

H.A. strip 2 

53 points H.A. 

16 

20.91 

21.56 

76.93 

H.A. strip 3 

14 common points 

13 

16.30 

22.24 

57.49 

H.A. strip 4 


13 

16.51 

17.85 

95.01 

S.K. roll 23 


S7 

20.13 

37.15 

127.37 

S.K. roll 24 

(Case 5) 

50 

29.08 

30.90 

132.87 


- Standard deviations for various numbers of control points. 




















APPENDIX D»3 

RESULTS FROM BUNDLE ADJUSTMENT 
INVESTIGATION III 


APPENDIX D.3-a 


Number o£ 
models/strip 


No. of Number 

roll of 

points 




Maximum residuals 

V 

V 

V, 

X 

y 

z 

m' 

III. 

m 

31.5 

63.0 

59.0 

40.0 

158.0 

41.0 

38.7 

122.0 

57.9 


Standard deviations and absolute amounts of the maximum residuals 
Bundle adjustment; all points being used as observations. 


APPENDIX D.3-b 


Type of Numb, of 

photography control 

points 


Max. residuals 


One model from 
Roll 23 

22 

±28.3 

±30.7 

±203.5 

71.5 

60.0 

339.0 

One model fromi 26 

Roll 23 § Strip 1 
of If. A. photogra- 
phy 

(6 photographs) 

21.2 

24.2 

146.1 

39.1 

SO.O 

307.0 


Standard deviations and absolute amounts of the maximum 
residuals. Bundle adjustment; 26 and 22 points, 
respectively, being used as observations. 











No. of 
SKVLAB 
photograph 

No, of 
roll 

m 

'fo 

z 

0 

m 



• 

w 


X 

Remarks 

184 


-60117.9 

1052.1 

435995.0 

00° 

oo' 

00" 

00° 

oo‘ 

00" 

-29° 

00' 

00" 

Orbit parame- 















ters 


23 

-59769.6 

692.7 

44J011.2 

00 

17 

29 

00 

09 

05 

-29 

44 

02 

Roll 23 alone 


24 

-60485.0 

1194.5 

^441261.7 

00 

23 

08 

00 

12 

03 

-29 

27 

42 

Roll 24 alone 


23 

-59763-6 

678.9 

4410O6.7 

00 

17 

26 

00 

08 

59 

-29 

01 


Rolls 23 and 24 


24 

60384.7 

1218.7 

■ 441273.7 

00 

22 

22 

00 

12 

IS 

-29 

27 

42 

together 

185 

j 

2456. 0 

-36936.1 

436132.7 

00 

00 

00 

00 

00 

00 

-29 

00 

00 

Orbit parameters 


23 

227.9 

-36868.8 

441261.0 

00 

06 

05 

00 

06 

51 

-29 

45 

59 

Roll 23 alone 


24 

203,3.6 

-36145.5 

441404.0 

00 

02 

10 

00 

1 

07 

34 

-29 

28 

30 

Roll 24 alone 


23 

320.7 

-37011.5 

441231.5 

00 

05 

22 

1 

00 

07 

59 

-29 

46 

04 

Rolls 23 and 24 


24 

1704.9 

-36067.8 

441439.3 

00 

05 

01 

00 

01 

33 

-29 

28 

■'/ 

29 

together 


• Camera station coordinates and rotation angles obtained from the orbital parameters 

tabulation and after least squares adjustment. 


> 

hd 

ttj 

£1 

t-t 

X 

CJ 







APPENDIX E 


TO 

"INVESTIGATION OF SELECTED IMAGERY FROM 
SICYLAB/EREP S190 PHOTOGRAPHIC SYSTEM" 

APPENDIC:’.S RELATED TO 
INVESTIGATION IV 


TOPOGRAPHICAL SURVEY DIRECTORATE 
DEPARTIIENT of ENERGY, MINES AND RESOURCES 

CANADA 


APPENDIX E.l 


COMPARATIVE RATINGS OF IMAGE QUALITY FOR SPECIFIC FEATURES 
(1 « BEST, 10 * NOT VISIBLE) ON SKYLAB S190A 
SIMULTANEOUS PHOTOGRAPHY IN 6 SPECTRAL BANDS 


TORONTO AREA 

1 

2 

3 

4 

5 

6 

S190A Image 016 

B&W IR 

B&W IR 

COLOUR IR 

COLOUR 

Pan 


Orbit 29, 09/09/73 

0.7-0. 8 

0.8-0. 9 

0.5-0.38 

0.4-0. 7 

0.6-0. 7 

0.3-) 


um 

pm 

pm 

um 

pm 

uia 

Granularity 

3 

3 

2 

1 

1 

1 

1-ialton Airport 

8 

9 

4 

2 

1 

2 

Yonge Street 

6 

6 

7 

1 

1 

2 

401 Hwy . 

10 

10 

4 

1 

1 

2 

Suburban Roads 

10 

10 

10 

8 

6 

S 

Lake Scugog/Marsh 

1 

1 

2 

5 

4 

5 

Rivers 

1 

2 

4 

5 

5 

5 

Piers into lake 

9 

8 

4 

2 

1 

2 

Race Track 

BAY OF FDNDY 
S190A Image 316 
Orbit 52, 21/09/73 

10 

10 

5 

2 

1 

2 


Granularity 

3 

3 

3 

1 

1 

1 

Airport 1 

9 

8 

7 

2 

1 

3 

Airport 2 

10 

10 

5 

3 

1 

3 

New Highway 

10 

9 

5 

1 

1 

2 

Secondary Roads 

10 

10 

5 

2 

1 

3 

Shoreline Detail 

5 

6 

3 

2 

1 

4 

Minor Drainage 

3 

2 

10 

9 

10 

10 

Lakes 

SOUTHERN MANITOBA 
S190A laage 214 
Orbit 50, C9/19/73 

1 

3 

10 

1 

6 

3 

5 

4 

i^^anui ari ty 

3 

3 

2. 

1 

1 

i 

Sms 11 Tavn 

10 

10 

8 

2 

1 

2 

s r VO i r 

i 

1 

3 

4 

4 . 

5 

-.ds 

7 

7 

5 

1 

1 

2 

4: nor Drainage 

1 

1 

10 

8 

5 

10 

A ;ior t 

8 

8 

5 

2 


2 

" : Lai S c r c : 

139 

138 

VO rs t 

119 

L, 

55 

L‘>^s t 

81 


ORIGINAL PAGE IS 
OF POOR QTIAIOT 


APPENDIX E.2 


EXAMPLE PAPER PRINTS OP ENLARGED 
SKYLAB PHOTOGRAPHY 
USED IN THE QUALITATIVE EVALUATION 

OF 

INVESTIGATION IV 


! 


I I 1 . 

SL9QA PiVN-X AERI.VL BLACK A.ND tfflITE 
(4X enlargements from 2nd generation 7Qnjm negatives) 




ORIGINAL PAGE IS 
OF POOR QUALITY 



3. 




S19QA Acrochrojne iR (4X eniargeinent 
poditivas) 0.5 to 0.33um bar.d. 


fro:?. 2ad generation colour 


S150A Aerial Colour (4X enlargement from 2nd generation colour 
positives) 0.4 to 0.7um band. 


ORIGINAL PAGE 13 
OP POOR QUALITY 





S190A IR Aerographic (4X enlargement 
yOium negatives) 0,8 to 0,9nni band = 


S190B Panchromatic Black and White with W12 filter, 
standard survey combination) 4X enlargement from 2nd 
generation. 5” negative - 18” focal length. 


w .. * 

Vu^D 











IMS I'T - ‘ 

1 
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INVESTIGATION V 
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APPENDIX F,1 

EXAMPLE OVERLAYS PRODUCED FROM 
SKYLAB PHOTOGRAPHY 
FOR MAP REVISION POTENTIAL IN A 
RURAL RECREATIONAL AREA 
AT SCALES OF 1:50,000 and 1:250,000 
INVESTIGATION V 





tabor^ 


\ REKR^ 
r'RQCK 


<^Aba>doncd 


Abaftdoned 


(OOM OIA^ 
" LAKf 


Tnnaif\ 


\JarbIe 


Ltiif Xtar^,‘ L 


:au5PW3y ^ 


Ha^nai 


mitiick 


Rinhop L 


AREA 


> 1 ^) 00 . MARilNG IN*A RURAlr^^ECR^ ATION 

l^\ Detail l 9 OBi^J 0 ^ 

^rth terrain comerdT photofarophs Hovlng an^ 
or^inai^photo scale of I ! 9^45i!^^^ioff>nQ v»ds 
'^ooe from a 4 xdiapositiye u^inb a\zoom Uonsfe^ 


t- { 

} 

i 

1 ■■ 



|01 

^ POTEf 

ITAtr^T^^y 



^ - -WTill 

- • vjE» 1 

^: 3 lL 

iiiL 

'Ij 


1 

, L_ ■' 

^V- 


O' :v- 

^ V* 



\ : 
l 

_ r 

_ Stk^ry 

\ 

^^Lake 

\^ 

V 




' i 






huiil 


(abumai^ 

Lake 


\ 'rock 


Pnngle 


^Abapdoned 


Abandoned 


Tonal A 


(LUtieSfarbiel 


Marf^le 


lausewray 




Big 

Island 




Btakop L 


si^oBia 


Detail p lotted on wild B-edt 1 ! 90 ,Q 00 


and plot enlarged 


150,000 


)Bishop Corners 
\ ^ ^ - 


^Abandoned 1* 




Little RiMhtip^'Lj 


1 1 

■ = / 

i ■ 

w 

N 

\ #" 

' . r 

'■i;r 

K 

h- 

.1 

-f 

1 

I - i 

fci; 


..V 

V 

\ ^ 

V ^ 


A 'O A 

\ 




f.-Shaufe^iHoif 


[FcrnleiBh 


Xlountvn) 




MiCKWraV*!- / 

228 / 


BA5SW^X1P 
HlUt \ 
Ccntw' iUv ^ 










IiHn 


Weuemkotm I 
Wcricmkptun 


Effinghum 
^ Lakti 






MdUh 


-^McniU. 


fu«i nf 
LiiJu: 


xrnleiilb 


irrijihni 


riunffTY. 


rrtt^c 


Bi»h*>p 

Corners! 


‘ NEW ^ 
RESERVOIR.‘, 


Vouniaii^j 
Grwe ^ 


Northbnwik 


MOUNT 


^ M 4 .xan. 


fire Lookout 


CoopcV 


Rimtngion 


*Shffftfld^ 


KCciuVoro 


H.istjrds 

'Coroors 


Actirtofiit^ 


Hun^erford 


SulrhKli^ 


'Madiiff" 


-/T ATamworth 


Tu'ctni 


irR^CR^TJOK^Ife/lL 

^and ^otos~\ ,> 

JfjIjrSMr^ end I', 25' 
llribsiresef^oir. 


fN^A RURA^ 

^toll 

(origlfickfscW f:950,00p) using a zoom 
A ' REV^Si^ci POTENT'iAClnew roadSj pd^ 


jVCrtwkston 


BA5SWC<:C 
HILI >, 
y Ccnircxilly 


APPENDIX F.2 


EXAMPLE OVERLAYS PRODUCED FROM 
SKYLAB PHOTOGRAPHY 
FOR MAP REVISION POTENTIAL IN 
URBAN AREAS 

AT SCALES OF 1:50,000 AND 1:250,000 
INVESTIGATION V 



57 ^ 


Wintfmltt PcTnT 

Colour 


Wild B-8 plot at MOCOOOO enlarged 
in Zoom Transferscope to |: 50000 


PeScFT 


A-;kins Point 


C/mtt* 

St Clairi 
Beach ; 

Tli#ttxrr 


TecumsI 






canaj;jan 


Elmstead 


Walk^ ' 


Tn Buffalo To Lurulon OUcauU 2 m 


Mauisronr 3 m 



1 


ir 

•• 

I- — 1 


h 


L ...T 

,t 

1* 

i * 

I* 

1 

•V 

•h: -\ : . 

1 

f- 


_L 

t •- 7£ 

1 

1 

• .• 

ii 

h' “ .-7 

|vill 

1 

IX 

•« ••• 
1. 

• •* 
J 
1 

1 

1 

>• 

f 

•t 






/i;». Mi^ AM*HtT 
HAY 


Fraser 


Iwz Clowson \ 


Gull Island 


\ , &\ I ' : 

ir St$b' A WdcH 8 |W 


Z oow’TrOfttfe r scope 


fevTfle 
Roseville 
> •to 


Berkley 


I ,^Van 
U^'^lDyke 

\ MA C OMB 

rthCvAYNE 


East Detroit^ 


Gaukler Point 


rrKdoiPofi^Gvao, 


\ U OA KLAND 
'^'^*®“^^AYNE 


Grosse i?' 

Pointe 

Shores 


D E T R pjj -'.i / 

. I r\ An V « 


HIGHLAND PARK 


Grosse Pointe 
Farms 

Grosse Pointe. 
Park 


[Detioit City 


Grosse Pointe 


HAMTRAMCK 


Windmill Point 


*»ach Island 


^CH•OA 


Meivindole. 


Rihttr 


WYANDOTTE 


I Trenton! 


bar Poiiu^^ 
Lanev^ood Beai 


Jn fomf 
’’ '* Mouille 


:,^roit River Light 


DETROIT 

CANADA AND UNITED STATES 









EXAMPLE ENLARGED PAPER PRINTS OF 
SKYLAB PHOTOGRAPHY 
USED IN THE MAP REVISION POTENTIAL 
STUDY OF INVESTIGATION V 








ORIGINAL PAGE 19 s 
OF POOR QUALITYi 
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